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1 General
Executive Summary
The purpose of this report is to select and evaluate a building for compliance with prescriptive and
performance based requirements, that apply the concepts learned from previous courses taken as part
of the master’s fire protection engineering degree curriculum at Cal Polyetch Institute, San Luis Obisbo.
The report discusses applicable code requirements for building construction, egress, fire alarm initiation
and notification, and fire suppression and evaluates the building’s performance, including occupant
movement, when subjected to two assumed fires. Fire Dynamics Simulator (FDS) was used to generate
data used during the performance analysis. The performance analysis reveals that meeting prescriptive
requirements doesn’t necessarily guarantee occupant safety. The report concludes with
recommendations to improve occupant safety. Annex material contains protocols for final acceptance
testing, post-occupancy operation and maintenance procedures, staff training and the occupant
emergency plan.
Building Description
The subject of this report is a new federal courthouse. The building contains four courtroom, a jury
assembly room, numerous offices, shops and an indoor parking garage. The building is four stories in
height, with a basement. The building comprises an area of approximately 115,000 square feet (10,700
square meters), has a 71 foot (22 m) high roof and cost approximately $70,000,000 to construct. The
building is a reinforced concrete frame structure with architectural recast and handset stone skin that is
completely protected by a quick response sprinkler system.
Applicable Codes
The federal government is its own Authority Having Jurisdiction (AHJ) and but has opted to design and
construct its buildings to national consensus codes and standards to the extent practical. It also has its
own prescriptive criteria for design, construction and building operations. In general, the building has
been designed in accordance with the International Building Code (IBC) and its respective reference
documents, however some requirements from the Life Safety Code (NFPA 101) are incorporated. In
some cases, additional requirements which may or may not be more stringent than the IBC and NFPA
101 are also be incorporated, a prerogative the federal government is privileged to take being its own
AHJ. The principle references for the prescriptive design are:
ICC International Building Code, 2012 edition
NFPA 101, Life Safety Code, 2012 edition
NFPA 13, Installation of Sprinklers, 2010 edition
NFPA 14, Standpipe and Hose Systems, 2010 edition
NFPA 70, National Electric Code, 2011 edition
NFPA 72, Fire Alarm & Signaling Code, 2010 edition
NFPA 80, Fire Doors and Other Openings, 2010 edition
NFPA 90A, Installation of AC & Venting Systems, 2012 edition
ASME A17.1, Elevator Safety Code, 2010 edition
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Figure 1.1 provides an overhead view of the building and site from Google Earth. Figures 1.2a-e are floor plans that show building dimensions,
building exits, main egress routes, stairs, elevators, fire resistance rated enclosures, and predominant areas used for assembly or parking.

Figure 1.1 - Overhead View

N
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Figure 1.2a - 4th Floor Plan
Removed for security purposes
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Figure 1.2b - 3rd Floor Plan
Removed for security purposes
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Figure 1.2c - 2nd Floor Plan
Removed for security purposes
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Figure 1.2d - 1st Floor Plan
Removed for security purposes
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Figure 1.2e – Basement Floor Plan
Removed for security purposes
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2 Code Analysis
Occupancy Classification
The code analysis is based upon the IBC with some requirements from NFPA 101. For comparison
purposes, the report evaluates code compliance requirements contained in this section with both
documents. NFPA 101 defines occupancies in 3.3.188, but elaborates further in Chapter 6. The IBC
defines occupancies in Chapter 3.
The building is considered a multiple occupancy because it contains use-areas that co-exist and comingle
throughout the building (e.g., courtrooms, conference rooms, training rooms, offices, shops and a
parking garage). Per NFPA 101, 6.1.14.1.1, multiple occupancies may either be considered separated
occupancies or mixed occupancies. Per 6.1.14.4.1, in order to be considered separated, occupancies
must be separated from one another by fire resistance rated construction that corresponds to the
respective occupancies that are being separated. But if no fire resistance rated construction is being
provided between occupancies, then 6.1.14.3 would permit the entire fire section (i.e., floor) to be
treated as a mixed occupancy. In this case, the most restrictive occupancy criteria would apply. The IBC
considers multiple occupancies similarly in Section 508.
The various uses are shown in Figures 1.2a through 1.2e and listed on a floor-by-floor basis in Figure 2.1.
Figure 2.1 also indicates the respective floor area and whether occupancies are mixed or separated.
Based upon use, an occupancy classification has been determined along with the corresponding LSC
occupancy chapter and IBC group, which is used as the basis for determining all subsequent prescriptive
requirements.
Figure 2.1 – NFPA 101 and IBC Occupancy Classification

Floor

Area (sf)

Use

Type of Multiple
Occupancy
IBC Group

4th

21,875

Offices/Courtrooms

Mixed

B/A-3

Business (38)/Assembly (12)

3rd

21,875

Offices/Courtrooms

Mixed

B/A-3

Business (38)/Assembly (12)

2nd

24,375

Offices

NA

B

Business (38)

1st

25,575

Offices/Jury Assembly

Mixed

B/A-3

Business (38)/Assembly (12)

B

20,820

Shops/Parking Garage

Separated

B/S-2

Business (38)/Storage (42)

Occupancy Classification
NFPA 101 (Chapter)

The 1st, 3rd and 4th floors are mixed occupancies and thus will meet the applicable criteria for both
business and assembly occupancies throughout. The shops and parking garage located on the basement
are separated by fire resistance rated construction and therefore, only the specific occupancy
requirements will only be applied to those respective areas (i.e., chapter 38 requirements will only be
applied to the portion of the basement containing the shops and chapter 42 requirements will apply to
the parking garage). The latter is because 42.1.1.2 considers the parking garage as a storage occupancy.
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Occupancy Separation
NFPA 101, Table 6.1.14.4.1b provides the fire resistance rating requirements for separating occupancies.
Table 6.1.14.4.1b. See Figure 2.2. Table 6.1.14.4.1b permits the required fire resistance separation to
be reduced one hour if a building is completely sprinkler protected. As such, there is no fire resistance
rating required between assembly and business occupancies, and the fire resistance rating between the
business occupancy and storage occupancy (i.e., parking garage) is permitted to be reduced from two
hours to one hour. However, there is a specific provision in 38.1.3.2.1 that still requires that parking
garages be separated from business occupancies by a two-hour fire resistance rating.
Figure 2.2 – NFPA 101 Occupancy Separation Requirements

Table 508.4 of the IBC has different fire resistance rating requirements between occupancies and would
require a one hour fire resistance rated separation between assembly and business occupancies, as well
as between business and storage occupancies. See Figure 2.3. The IBC has no special provision that
requires a higher fire resistance rating for indoor parking garages.
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Figure 2.3 – IBC Occupancy Separation Requirements

The decision was made to require no fire resistance rated separation between assembly occupancy
areas (e.g., courtrooms, the jury assembly room) and adjacent business use areas, but to require twohour fire resistance rated construction between the basement parking garage and adjacent business use
areas.
Building Construction Types (Height and Area Limitations)
Building construction types are regulated differently by NFPA 101 and the IBC. NFPA 101 limits
construction type based upon height, but only does so for select occupancies. The IBC limits
construction type based upon both building height and area for all occupancies. Both codes apply the
most stringent requirements where more than one occupancy is present and base requirements upon
the story where that occupancy is located.
Although the building contains business, assembly and storage occupancies, NFPA 101 only has
construction criteria for assembly occupancies. This can be found in Table 12.1.6. See Figure 2.4.
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Figure 2.4 – NFPA 101 Construction Types for Assembly Occupancies
Table 12.1.6 Construction Type Limitations
Stories in Heighta
Construction Type

Sprinkleredb

Stories Below

1

2

3

4

>5

I (442)c, d, e

Yes

X

X

X

X

X

X

I (332)c, d, e

Yes

X

X

X

X

X

X

II (222)c, d, e

Yes

X

X

X

X

X

X

II (111)c, d, e

Yes

X1

X

X

X

X3

NP

II (000)

Yes

X2

X

X4

NP

NP

NP

III (211)d

Yes

X1

X

X

X

X3

NP

Yes

X

2

NP

NP

NP

X

1

X

3

NP

1

3

NP
NP

III (200)
IV (2HH)

Yes

V (111)

Yes

X

V (000)

Yes

X2

X

3

X

X

4

X

X

X

X

X

X

X3

X4

NP

NP

Based upon Table 12.1.6, the construction types permitted for a four-story assembly occupancy are
Type I, Type II (222) or (111), Type III(211), Type IV (2HH) and Type V (111).
Table 503 of the IBC contains the building construction requirements for all occupancies. See Figure 2.5.
The 1st through 4th floors are non-separated occupancies; therefore, the most restrictive occupancy
classification governs (e.g., A-3). The basement is a separated occupancy (B and S-2); therefore, the
each area needs to be required to meet its respective requirements.
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Figure 2.5 – IBC Height and Area Table

Table 503 indicates the permitted construction types for an A-3 occupancy located on the 4th floor is
either Type IA and IB (all the other construction types for A-3 occupancies limit the building to up to
three stories and limit the height to no more than 66 feet). Note: the IBC permits height and area
increases, based upon whether the building is sprinklered and the amount of frontage separating the
building from other buildings or the public way, however, these allowances are not needed, since the
building is a reinforced concrete frame structure which is considered Type II (222) by NFPA 101 or Type
IB by the IBC.
Fire Resistance Ratings
NFPA 5000, Table 7.2.1.1 and IBC Table 601 provide the structural fire resistance ratings for the various
structural components based upon types of construction provided. See Figures 2.6 and 2.7,
respectively. For Type II (222) or Type IA construction, the structural elements are required to be of fire
resistive, noncombustible or limited combustible materials. Both NFPA and IBC require the fire
resistance rating of exterior bearing walls, interior bearing walls, columns, beams, floor-ceiling
assemblies are all to be rated for two hours, and the roof-ceiling assembly is to be rated for one hour.
Non-load bearing walls (e.g., corridor walls) are not required to carry a fire resistance rating and are
therefore not be rated.
12

Figure 2.6 – NFPA 5000 Fire Resistance Rating Requirements
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Figure 2.7 – IBC Fire Resistance Rating Requirements

Protection of Shaft Enclosures
NFPA 101 and the IBC have similar requirements for shaft enclosures. Shaft enclosure protection
requirements can be found in NFPA 101, 8.6.5 and IBC 713.4. Both require a two-hour fire resistance
rating for all vertical shafts (HVAC shafts, utility chases, elevator hoistways and stair enclosures) where
the shaft serves four or more stories. In this building, all shafts serve at least four floors, therefore, all
are enclosed by two-hour fire resistance rated construction.
NFPA 101, Table 8.3.4.2 and IBC Table 716.5 require openings (e.g., doors, dampers) in two-hour rated
shafts to be rated for 1-1/2 hours. NFPA 90A, Section 5.3 and IBC 717.5.3 both require fire dampers
installed in HVAC ducts that penetrate two-hour fire rated barriers. All openings are required to be selfclosing. Door openings also require latching devices.
Per NFPA 101, 8.3.5 and IBC Section 714, penetrations of fire rated barriers (walls and floors) are sealed
via assemblies listed in the UL Fire Resistance Directory (e.g., Hilti or STI). Joints for fire rated barriers
are installed per IBC Section 715 and NFPA 101, 8.3.6.
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Main Entrance Lobby
The building contains a two-story, 31 foot (10 m) high space that connects to the exit access corridors on
the 1st and 2nd floors. The two-story space is a 60 ft by 60 foot (18 m by 18 m) triangular shape and serves
as the main entrance lobby. The space is not separated from adjacent areas by fire resistance rated
construction. See Figure 2.8.
Figure 2.8 – Main Entrance Lobby

Because the main entrance lobby serves more than two stories, both NFPA 101 and IBC consider the
space as an atrium. See Figure 2.9.
Figure 2.9 – NFPA 101 and IBC Atrium Definitions
NFPA 101, 3.3.27*
Atrium. A large-volume space created by a floor
opening or series of floor openings connecting two
or more stories that is covered at the top of the
series of openings and is used for purposes other
than an enclosed stairway; an elevator hoistway;
an escalator opening; or as a utility shaft used for
plumbing, electrical, air-conditioning, or
communications facilities.

IBC Section 202
ATRIUM. An opening connecting two or more
stories other than enclosed stairways, elevators,
hoistways, escalators, plumbing, electrical, airconditioning or other equipment, which is closed
at the top and not defined as a mall. Stories, as
used in this definition, do not include balconies
within assembly groups or mezzanines that comply
with Section 505.
15

Both NFPA 101 and the IBC have additional requirements for atriums. NFPA 101, 8.6.7 requires atriums
to either be separated from adjacent areas by one hour fire resistance rated construction or engineering
analysis be conducted “that demonstrates that the building is designed to keep the smoke layer
interface above the highest unprotected opening to adjoining spaces, or 6 ft above the highest floor
level of exit access open to the atrium, for a period equal to 1.5 times the calculated egress time or 20
minutes, whichever is greater.” Section 404.6 of the IBC also requires atriums to be separated from
adjacent areas by one hour fire resistance rated construction. Section 404.5 of the IBC requires a smoke
control system for all atriums in accordance with Section 909 (in lieu of permitting an engineering
analysis), but does not require a smoke control system for atriums that connect two stories. New
Section 712.18 of the IBC is a new provision that permits two story openings without any special
protection even if the opening is part of a means of egress. See Figure 2.10.
Figure 2.10 -IBC Two Story Openings
712.1.8 Two-story openings. In other than Groups I-2 and I-3, a floor opening that is not used as one of the
applications listed in this section shall be permitted if it complies with all of the items below.
1. Does not connect more than two stories.
2. Does not contain a stairway or ramp required by Chapter 10.
3. Does not penetrate a horizontal assembly that separates fire areas or smoke barriers that separate smoke
compartments.
4. Is not concealed within the construction of a wall or a floor/ceiling assembly.
5. Is not open to a corridor in Group I and R occupancies.
6. Is not open to a corridor on nonsprinklered floors.
7. Is separated from floor openings and air transfer openings serving other floors by construction conforming to
required shaft enclosures

The decision was made to go with IBC criteria and thus not require the atrium to either be enclosed or
be subject to an engineering analysis. An analysis in the performance based design section of this report
will assess whether this decision truly provides a safe and tenable environment for occupants.
Protection from Hazards
Both NFPA 101 and the IBC address hazard protection, but do so differently. NFPA 101 allows subjective
interpretation of rooms that may be considered hazardous in the respective x.3.2 section of the
occupancy chapters, while the IBC identifies specific uses that are to be considered hazardous in Table
509, Incidental Uses. See Figures 2.11 and 2.12, respectively.
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Figure 2.11 – NFPA 101 Hazardous Area Requirements
12.3.2 Protection from Hazards.
12.3.2.1 Service Equipment, Hazardous Operations or Processes,
and Storage Facilities.
12.3.2.1.1 Rooms containing high-pressure boilers, refrigerating machinery of other than the domestic refrigerator type, large
transformers, or other service equipment subject to explosion shall meet both of the following requirements:
(1) Such rooms shall not be located directly under or abutting required exits.
(2) Such rooms shall be separated from other parts of the building by fire barriers in accordance with Section 8.3 having a
minimum 1-hour fire resistance rating or shall be
protected by automatic extinguishing systems in accordance with Section 8.7.
12.3.2.1.2 Rooms or spaces for the storage, processing, or use
of materials specified in 12.3.2.1.2(1) through (3) shall be protected in accordance with one of the following:
(1) Separation from the remainder of the building by fire barriers having a minimum 1-hour fire resistance rating or protection of
such rooms by automatic extinguishing systems as specified in Section 8.7 in the following areas:
(a) Boiler and furnace rooms, unless otherwise permitted by one of the following:
i. The requirement of 12.3.2.1.2(1)(a) shall not apply to rooms enclosing furnaces, heating and air-handling equipment, or
compressor equipment with a total aggregate input rating less than 200,000 Btu (211 MJ), provided that such rooms are not used
for storage.
ii. The requirement of 12.3.2.1.2(1)(a) shall not apply to attic locations of the rooms addressed in 12.3.2.1.2(1)(a)(i), provided
that such rooms comply with the draftstopping requirements of 8.6.11.
(b) Rooms or spaces used for the storage of combustible supplies in quantities deemed d hazardous by the authority having
jurisdiction
(c) Rooms or spaces used for the storage of hazardous materials or flammable or combustible liquids in quantities deemed
hazardous by recognized standards
(2) Separation from the remainder of the building by fire barriers having a minimum 1-hour fire resistance rating and protection
of such rooms by automatic extinguishing systems as specified in Section 8.7 in the following areas:
(a) Laundries
(b) Maintenance shops, including woodworking and painting areas
(c) Rooms or spaces used for processing or use of combustible supplies deemed hazardous by the authority having jurisdiction
(d) Rooms or spaces used for processing or use of hazardous materials or flammable or combustible liquids in quantities deemed
hazardous by recognized standards
(3) Protection as permitted in accordance with 9.7.1.2 where automatic extinguishing is used to meet the requirements of
12.3.2.1.2(1) or (2)
38.3.2 Protection from Hazards.
38.3.2.1* General. Hazardous areas including, but not limited to, areas used for general storage, boiler or furnace rooms, and
maintenance shops that include woodworking and painting areas shall be protected in accordance with Section 8.7.
38.3.2.2* High Hazard Contents Areas. High hazard contents areas, as classified in Section 6.2, shall meet all of the following
criteria:
(1) The area shall be separated from other parts of the building by fire barriers having a minimum 1-hour fire resistance rating,
with all openings therein protected by self-closing fire door assemblies having a minimum 3⁄4-hour fire protection rating.
(2) The area shall be protected by an automatic extinguishing system in accordance with 9.7.1.1(1) or 9.7.1.2.
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Figure 2.12 – IBC Incidental Use Separation Requirements

In most cases, when a room is considered to be hazardous and thus warrant special protection, both
NFPA 101 and the IBC require either sprinkler protection or the hazardous area be separated from
adjacent areas by one hour construction. Where sprinklers are installed, both codes require that
hazardous areas be separated from adjacent spaces by smoke resistance construction with doors
equipped with self-closing devices. In addition, both codes require severe or high hazard contents to be
both sprinkler protected and separated from adjacent areas by one hour construction.
Since the building is sprinklered, hazardous areas, such as storage rooms and shops are enclosed by
smoke resistant construction and doors equipped with self closers. The basement boiler room and 1st
floor gun locker are considered high hazard content areas and therefore enclosed by one-hour fire
resistance rated construction and ¾ hour fire rated doors with self-closing and latching devices.
Other codes and standards have requirements for separating certain rooms from adjacent areas by fire
resistance rated construction. In this building, one hour fire resistance rated construction is provided for
the 1st floor fire command centers, per IFC 508.1.2; and the basement electrical room containing dry
transformers in excess of 112.5 kVA per NFPA 70, 450.21. In addition, the 4th floor elevator machine
rooms is enclosed in two-hour fire resistance rated construction since ASME A17.1, 2.7.1.1.1 requires
machine rooms enclosures to be commensurate with the fire resistance rated construction of the
elevator hoistway.
All rooms with special fire resistance rated requirements are shown on the floor plans. See Figures 1.2a,
1.2d and 1.2e.
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Interior Finish
Both NFPA 101 and the IBC regulate interior finish. The requirements for interior finish are dependent
upon the occupancy classification, plus where the material is to be installed (e.g., within an exit
enclosure, in an exit access corridor, or in a room). NFPA 101 requirements can be found in the x.3.3
sections of the respective occupancy chapters as well as in sections 10.2.3, 10.2.7, and 10.2.8. IBC
requirements can be found in Chapter 8.
Interior finish pertains to walls and ceilings and floors. Interior wall and ceiling finish is classified as Class
A, B or C, based upon flame spread and smoke development. Class A materials have a flame spread
index between 0-25, Class B materials have a flame spread index between 26-75 and Class C materials
have a flame spread index >75. Class A, B and C materials all have a smoke development index between
0 and 450. Interior floor finish is rated as either Class I or II. Class I flooring has a critical radiant flux
>.45 W/sq cm and class II flooring has a critical radiant flux >.22 W/sq cm and < .45 W/sq cm.
Figures 2.13 and 2.14 extract the interior finish requirements from NFPA 101 and the IBC respectively.
Figure 2.13 – NFPA 101 Interior Finish Requirements by Occupancy
12.3.3 Interior Finish.
12.3.3.1 General. Interior finish shall be in accordance with Section 10.2.
12.3.3.2 Corridors, Lobbies, and Enclosed Stairways. Interior wall and ceiling finish materials
complying with Section 10.2 shall be ClassA or Class B in all corridors and lobbies and shall be
Class A in enclosed stairways.
12.3.3.3 Assembly Areas. Interior wall and ceiling finish materials complying with Section 10.2
shall be Class A or Class B in general assembly areas having occupant loads of more than 300 and
shall be Class A, Class B, or Class C in assembly areas having occupant loads of 300 or fewer.
12.3.3.5 Interior Floor Finish.
12.3.3.5.1 Interior floor finish shall comply with Section 10.2.
12.3.3.5.2 Interior floor finish in exit enclosures and exit access corridors and in spaces not
separated from them by walls complying with 12.3.6 shall be not less than Class II.
12.3.3.5.3 Interior floor finish shall comply with 10.2.7.1 or 10.2.7.2, as applicable.
38.3.3 Interior Finish.
38.3.3.1 General. Interior finish shall be in accordance with Section 10.2.
38.3.3.2 Interior Wall and Ceiling Finish.
38.3.3.2.1 Interior wall and ceiling finish material complying with Section 10.2 shall be Class A
or Class B in exits and in exit access corridors.
38.3.3.2.2 Interior wall and ceiling finishes shall be Class A, Class B, or Class C in areas other
than those specified in 38.3.3.2.1.
38.3.3.3 Interior Floor Finish.
38.3.3.3.1 Interior floor finish shall comply with Section 10.2.
38.3.3.3.2 Interior floor finish in exit enclosures shall be Class I or Class II.
38.3.3.3.3 Interior floor finish shall comply with 10.2.7.1 or 10.2.7.2, as applicable.
42.3.3 Interior Finish.
42.3.3.1 General. Interior finish shall be in accordance with Section 10.2.
42.3.3.2 Interior Wall and Ceiling Finish. Interior wall and ceiling finish materials complying
with Section 10.2 shall be Class A, Class B, or Class C in storage areas and shall be as required
by 7.1.4 in exit enclosures.
42.3.3.3 Interior Floor Finish.
42.3.3.3.1 Interior floor finish in exit enclosures shall be not less than Class II.
42.3.3.3.2 Interior floor finish in areas other than those specified in 42.3.3.3.1 shall not be
required to comply with Section 10.2.
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Figure 2.14 – IBC Interior Finish Requirements by Occupancy

Note: per 10.2.8.1, though not necessary for meeting the chapter-specific interior finish requirements,
wall, ceiling and floor finish rating may be decreased one class level because building is sprinklered (e.g.,
where Class A only is required, Class B is permitted because sprinkler protection is provided).
Wall finish in exit enclosures, exit access corridors and all rooms with the exception of the courtrooms is
either by gypsum wall board or masonry. Wall finish in courtroom is plaster or decorative wood
paneling. Ceiling finish in exit enclosures is either gypsum board or masonry. Ceiling finish in exit access
corridors and rooms is acoustical tile or gypsum board. Floor finish is vinyl composite tile, terrazzo or
concrete. Figure 2.15 identifies the interior finish material index used in the building. All meet or
exceed the requirements of both codes.
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Figure 2.15 – Interior Finish Provided

Occupancy
Business
Assembly
Storage

Wall and Ceiling Interior Finish
Exit Enclosure Exit Access
A
A
A
A
A
A

Rooms
A
C
A
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Floor Finish
Exit Enclosure
I
I
I

Exit Access
I
I
I

Rooms
I
I
I

3 Egress Analysis
Scope
The prescriptive requirements for egress are based solely upon the NFPA 101. The goal of NFPA 101 is
to provide an environment that is reasonably safe from fire by protecting occupants not intimate with
initial fire development and improving the survivability of occupants intimate with the initial fire
development. To meet this goal, the structure has been designed, constructed and maintained to
protect occupants not intimate with the fire for the time needed to safely evacuate the building; and
systems utilized for such purposes are properly maintained to ensure they perform as needed.
Two design approaches are used: 1) a prescriptive approach that incorporates all the core (Chapters 14, 6-10) and occupancy-specific requirements (Chapters 12, 38 and 40) into the design and 2) a
performance based approach based that is intended to ensure the building meets specific performance
criteria to ensure occupants can reach a point of safety before being exposed to instantaneous or
cumulative untenable conditions. For both approaches, designs are based upon the typical hazards
associated with fire and only consider a single fire source. The adequacy of egress is assessed on a floorby-floor basis for all floors. The performance approach is discussed in Section 6.
Occupant Load
In order to determine the adequacy of egress, the number of occupants expected in the building (i.e., the
occupant load) must be known. NFPA 101 determines occupant loads based upon occupancy and use.
Figure 3.1 provides the occupant load factors that are applicable for this building based upon NFPA 101,
Table 7.3.1.2.
Most portions of the building are considered business use and thus the occupant load in those areas are
determined by dividing the respective gross floor area by the occupant load factor of 100 persons/sq ft.
The 1st floor Jury Assembly room contains tables and chairs and thus the occupant load for this room is
determined by dividing the net area of the room (1500 sq ft) by the occupant load factor of 15
person/sq ft. The occupant loads for the courtrooms will not be determined by the size of the
courtrooms, but is determined instead by the number of seats provided plus the bench length. Where
benches have been provided, the occupant load is for the benches is the total bench length (in inches)
divided by 18. The occupant load for the garage is based upon the occupant load factor for storage use.
Thus the occupant load factor for the garage is the area of the garage (10,200 sq ft) divided by 500
person/sq ft. Figure 3.2 shows all the calculated occupant loads for this building.
Note: the calculated occupant loads shown in Figure 3.2 for areas classified as business is far less than
what will actually be housed in the building.
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Figure 3.1 – NFPA 101 Occupant Load Factors

Figure 3.2 – Calculated Occupant Loads by Floor

1
2

rd

th

3 and 4 floors each have two courtrooms; basement contains a garage
th

4 floor courtrooms each have 90’ of benches (1080”/18”pp = 60 occs) + 23 seats;
rd

3 floor courtrooms each have 72 seats
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Capacity
The adequacy of egress is based upon whether the capacity of egress provided exceeds the calculated
occupant load. The capacity of egress is based upon the number of exits provided, the occupancy, and the
type and width of the exit component (e.g., stair or door). Figure 3.3 is an extract of NFPA 101, Table
7.3.3.1, which lists the capacity factors for stairs and level components (e.g., exit access corridors, exit
enclosure doors) by occupancy. In all cases, doors are assigned a capacity factor of .2 inches/person while
stairs are assigned a capacity factor of .3 inches/person.
Figure 3.3 – NFPA 101 Capacity Factors

The building contains three enclosed stairs that serve all five floors. Stairs 1 and 2 are respectively located
at the SW and NE portions of the building and connect the basement with the 4th floor. Both stairs are 56
inches wide and discharge directly to the building exterior at the 1st floor. Stairs 1 and 2 are accessible by
36 inch doors on all levels. Stair 3 is located at the the center of the building and connects the basement
with the all floor above including the roof. Stair 3 is 44 inches wide and discharges at the basement but
there is no access to this stair from the parking garage or shops. Note: for discussion purposes, Stair 3 is
designated as the SW stair
All three stairs are “7-11” stairs with 6.8 inch risers and 11 inch treads, and include handrails installed on
both sides, 2-1/4 inches from the wall. All stairs contain signage to indicate the numeric name of the stair,
floors served by the stair, designated level of exit discharge, and whether they provide access to the roof.
All stair doors open from the stair side to every floor, therefore stairway re-entry provisions aren’t used.
Gates are installed to prevent occupants within Stairs 1 and 2 from bypassing the level of exit discharge (1st
floor).
Stair designations, dimensions and capacities, based upon Table 7.3.3.1 are provided in Figure 3.4.
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Figure 3.4 – Capacity of Stairs

Stair capacities were determined by dividing the stair width by .3, while door capacities were
determined by dividing the door width by .2. The smaller capacity delimits the ultimate capacity of the
stair (denoted by an asterisk).
In addition to the three stairs, there is a main building entrance/exit which is located on the 1st floor. The
main entrance/exit consists of two pairs of 36-inch doors on opposite ends of the entry vestibule. 1st floor
occupants may also exit the building on that level through Stairs 1 or 2, or descend down Stair 3 and
discharge at grade on the basement level. On the basement level, there are two direct exits to the exterior
at grade from the parking garage plus an exit from the garage into the basement. Egress from the
basement level proper is upward via Stairs 1 and 2. Figure 3.5 shows building exits to grade and their
respective capacity. Note: the basement mechanical room and shop also have direct exits to the exterior at
grade, however, these as well as the exit access from the garage are not being considered for capacity
purposes.
Figure 3.5 – Capacity of Exits at Grade

Figure 3.6 combines the capacity provided by the stairs and exit at grade noted in Figures 3.4 and 3.5,
with the calculated occupant load from Figure 3.2, and indicates the egress capacity provided far
exceeds the maximum occupant load expected.
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Figure 3.6 – Capacity vs. Occupant Load
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NFPA 101, 7.3.1.5 requires the capacity of a stair to be sufficient to carry the occupant loads expected to
use that stair. Typically, the maximum stair capacity is based upon the maximum number of occupants
expected to use the stair. For this building, the largest number of occupants expected to use a stair are
located on the 4th floor (345 occupants). Assuming an equitable distribution of occupants, this would
mean that 115 occupants would be expected to use one of the three stairs which is less than the
capacity of the smallest (44 inch) stair which can accommodate 147 occupants. However, when
calculating capacity for stairs that serve floors above and below the level of exit discharge, it is necessary
to combine the largest number of occupants expected to use a stair from floors above with the expected
number of occupants using the stair from the floor below. There are only two stairs that serve the
basement level. Again, assuming an equitable distribution, each stair would be expected to
accommodate 64 occupants. Adding the 64 occupants to the 115 occupants expected from the 4th floor
(179) is just less than the capacity of the 56 inch stairs as reflected in Figure 2.4 (180), hence the width
of the stairs and their respective doors provide sufficient capacity to accommodate the calculated
number of occupants. See Figure 3.7. Note: assuming 64 occupants will use the either stair is unlikely,
given the actual number of occupants in the basement is very small. In addition, a proportion of the
occupants in the parking garage would use the garage exit at grade in lieu of the stairs.
Figure 3.7 – Capacity of Stairs to Handle Convergence
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Door Locking
Certain doors are permitted to be locked, under special circumstances. Exit access corridors behind the 3rd
and 4th floor courtrooms are not for the public, hence access to these corridors from the main public
corridors and courtrooms is controlled. In a fire emergency, occupants from the courtrooms can move
freely to the secure corridor, as those doors are equipped with delayed egress hardware that will
automatically unlock upon the activation of the sprinkler system (on any level). Delayed egress hardware
can also be manually unlocked after 15 seconds, though such action will sound a local alarm and alarm in
the security office. Note: similar hardware is not provided on the doors that connect the public and secure
corridors, as occupants are expected to use the public stairs. All stairs can be accessed from the egress
side, however certain stair doors are locked to prevent ingress from the stair into secure space. Since the
stairs are five stories, these doors are not required to unlock upon fire alarm activation.
Number and Arrangement of Exits
NFPA 101, 7.4.1.2 requires a minimum of two exits on every floor. Per Figure 3.6, all floors have at least
three exits. NFPA 101, 7.5.1.3 requires exits, exit access and exit discharges to be remote from one
another. In new sprinklered buildings, exits, exit access, and exit discharges are considered remote if the
distances between exits, exit access and exit discharges are more than 1/3 the diagonal distance of the
floor or area served. Figure 3.8 provides the diagonal distances of every floor as well as the diagonal
distance of all assembly use areas, and compares them with the distances between exits or exit access
doors. In all cases, the distance between exits or exit access’ exceeds 1/3 the diagonal distance of the floor
or room, hence, all remoteness criteria has been satisfactorily met.
Figure 3.8 – Remoteness of Exits and Exit Access (in ft)
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Measurement of Travel, Common Path and Dead End_
Exits and access to exits must be arranged to limit single points of travel. Travel distance, common path of
travel, and dead ends limits are based upon the occupancy served and must be less than what’s specified in
NFPA 101, Table A.7.6 (which extracts requirements from the respective occupancy chapters). Figure 3.9
provides an extract of Table A.7.6.
Figure 3.9 – NFPA 101 Maximum Travel Limitations

Figure 3.10 provides a comparison the requirements from NFPA 101, Table A.7.6 and the actual values of
the building. All common paths of travel, dead ends and travel distances are within the maximum
allotments, except for common path of travel in the section of the parking garage where the judge’s park,
which exceeds the maximum allowable distance by 6 ft. However, that measurement is taken from the far
northwest corner of the garage where occupants are not expected to be located.
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Figure 3.10 – Building Common Path of Travel, Dead End and Travel Distances (in ft)

Common Path
Fl Actual
Max
4th 63/0
<100/<20
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Actual
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Travel Distance
Actual
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136/84 <300</250
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115/68 <300</250
107/94 <300</250
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Business/Assembly (1 , 3 and 4 floors)
Business/Storage (basement)

Egress Wayfinding
All exits, exit accesses and exit discharge, plus assembly areas are illuminated at all times the building is
occupied. Illumination levels is 1 ft-candle in all areas requiring illumination with the exception of stairs
which are 10 ft-candles. The permitted reduction in illumination for assembly occupancies (.2 ftcandles) is not used since assembly use areas do not involve the use of projectors.
An emergency generator has been provided to furnish emergency power to critical building systems and
utilities. The generator provides emergency power to illuminate means of egress lighting installed in
exit enclosures, at exterior exit discharges, within exit access corridors, and in all assembly areas.
Internally illuminated (light emitting) exit signs are installed as required, including above exit doors,
courtroom exit access doors and other exit access doors where the exit route is not readily apparent, in
corridors so no point is further than 100 ft from an exit sign, and at corridor junctions. All signs are on
the emergency circuit and powered by the emergency generator.
Additional Egress Considerations
Means of egress headroom is no less than 7’6” with projections no less than 6’8”. Exit access corridors
are no less than 48 inches in width. Doors serving exit enclosures and all assembly areas swing in the
direction of exit travel. Doors serving more than 100 people (e.g., the doors discharging from the three
exit stair enclosures) are equipped with panic hardware. Fire exit hardware is installed on fire rated
doors that serve more than 100 people (e.g., the doors into the three exit stair enclosures). The main
entrance door are stainless steel with push plate hardware that are key locked when the building is not
occupied.
Smokeproof enclosures, horizontal exits, exit passageways are not being provided. Dedicated areas of
refuge have not been provided since the building is completely sprinkler protected; this means any floor
can serve as an accessible means of egress (and area of refuge). However, two-way communication is
installed at all elevator lobbies and the Fire Command Center.
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4 Fire Alarm Initiation and Notification
General
Since there is no separation between the assembly and business use portions of the building, the fire
alarm system requirements is based upon the most stringent occupancy. Neither the IBC (907.2.1) nor
NFPA 101 (12.3.4.1.1) requires a fire alarm system in assembly occupancies until the number of
occupants exceeds 300. However, both the IBC (907.2.2) and NFPA 101 (38.3.4.1) require a business
occupancy of this height and size to be equipped with a fire alarm system. As such, a fire alarm system
has been provided that is designed and installed in accordance with NFPA 72.
All fire alarm equipment is UL listed. The fire alarm control panel (FACP) is an E Series Broadband
manufactured by Gamewell/FCI. See Figure 4.1. The fire alarm system is an addressable/analog type
and interfaces with other building systems and equipment such as the building automatic fire sprinkler
system, elevators, and air handlers. The FACP is located in the first floor Fire Command Center (FCC). As
discussed earlier in this report, federal courthouses include an FCC regardless of building height and
enclose them in rooms with one hour fire resistance rated construction. A separate annunciator panel
has been installed in the lobby by the main entrance to provide appropriate information to emergency
responders.
Figure 4.1
Gamewell/FCI 3 Series Broadband Fire Alarm Control Panel
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Alarm Initiation
Alarm initiation is by manual pull stations, sprinkler waterflow switches, and automatic detection
devices. Supervisory signals are generated upon activation of duct smoke detectors, or closing a
sprinkler tamper switch.
The IBC does not require manual pull stations in sprinklered business occupancies, however, NFPA 101
makes no similar exception. Therefore, per NFPA 101 (9.6.2.3), manual pull stations are installed and
located within 5 feet of exit doorways.
Waterflow switches are installed on the vertical riser located in Stair 2 at all floor landings to denote
sprinkler flow on a floor by floor basis. Waterflow switches are provided by the sprinkler contractor.
Neither the IBC or NFPA 101 require area detection for assembly or business occupancies, however, in
accordance with ASME A17.1, smoke detectors are installed to initiate elevator recall and heat detectors
are installed to shunt power to the elevator prior to the activation of a sprinkler in the elevator machine
room. Per NFPA 101 (9.6.1.8.1), a smoke detector is installed in the FCC to protect the FACP. In
addition, per NFPA 90A (6.4.3.1), duct smoke detectors are installed in supply and return air handling
units and arranged to shut down their respective air handling unit upon activation. Detectors are not
installed in electrical or telephone closets or within the elevator hoist ways since the hoist ways are not
sprinklered, and hoistway venting is not being provided.
All area smoke detectors are restorable, spot type photoelectric smoke devices. Smoke detectors for
the control of smoke spread are restorable, spot type photoelectric duct type smoke detectors with
sampling tubes. Heat detectors designed to shunt power to the elevator are restorable, spot type rate
compensation type heat detectors, located in all elevator machine rooms.
Heat and smoke detector spacing requirements are generally prescribed by NFPA 72 (17.6.3 and 17.7.3,
respectively). However, NFPA 72 (17.6.3.8 and 17.7.1, respectively) also permits spacing to meet the
alternative design methods offered by Annex B. Spacing of smoke detectors for this building does not
need to use Annex B, since spot type smoke detectors are only being installed in limited areas.
However, there still are spacing requirements for those limited detectors that are being installed. For
example, NFPA 72 (21.3.5) requires detectors installed for elevator recall to be located within 21 feet of
the centerline of each elevator door within the elevator bank under the control of the detector where
the ceiling of the elevator lobby does not exceed 15 feet. Duct smoke detectors need to be installed to
obtain a representative sample of the airstream and per manufacturer’s instructions. This generally
entails locating the detector away from duct bends where air flow may be turbulent. Per NFPA 72
(21.4.2), heat detectors designed to shunt power to the elevator are required to be located within two
feet of every sprinkler.
Per NFPA 72 (21.3.12), smoke detectors located at the basement, 2nd, 3rd and 4th floor elevator lobbies
and the elevator machine room are arranged to recall the elevators to the 1st floor (the designated
level); the smoke detectors located at the 1st floor elevator lobbies are arranged to send the elevators
to the basement (the alternate level). Duct smoke detectors are located in supply air units that exceed
2,000 cfm and return air units that exceed 15,000 cfm per NFPA 90A (6.4.2).
The two secondary courtroom exit access doors that are equipped with delayed egress hardware are
tied to the fire alarm system such that they automatically unlock upon activation of the sprinkler system.
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Occupant and Emergency Forces Notification
Occupant notification is required by both the IBC (907.5) and NFPA 101 (38.3.4.3) and occurs upon
activation of all initiating devices, with the exception of duct smoke detectors. An alarm signal transmits
simultaneously off site to a UL listed, 24-hour central station service that will dispatch local emergency
forces to the building. Notification appliances consist of speakers and strobes. Speakers have been
provided in lieu of chimes, bells or horns, so they could also be used by trained staff for manually
transmitting non-fire, emergencies (e.g., terrorist attack, chemical spill, bomb scare, etc.) via a
microphone within the FACP in the FCC. However, for fire alarm notification purposes, the speakers
simply generate a temporal three signal to audibly notify occupants of a fire. Strobes are installed in all
public areas to provide a means for visually notifying the hearing impaired of a fire, in order to meet
federal American Barriers Act (ABA) requirements, which are similar to the American Disabilities Act
(ADA) requirements that the private sector is required to meet. Strobes are synchronized so they
operate simultaneously. Note: trained fire wardens provide assistance to hearing impaired occupants or
any other occupant needing assistance. Because the building is only four stories, upon activation of any
initiation device, all building occupants are expected evacuate.
Supervisory signals initiate an audible and visual signal at the FACP in the FCC and at the annunciator
panel. In addition, supervisory signals are transmitted to a computer located on site in a room occupied
by building security staff on a 24-hour basis that monitors building information system. Supervisory
devices include the duct smoke detectors located in the air handling units, and tamper switches located
on all water supply and sprinkler valves. Supervisory signals generate upon activation of a duct smoke
detector, and the closing of a sprinkler tamper switch. The purpose of a supervisory signal is to alert
building staff of an incident that warrants immediate corrective attention.
Figures 4.2a through 4.2c contain an inventory of fire alarm devices for the building. Figure 4.3 is a
single line riser diagram that shows an elevation view all the alarm and supervisory signal initiating
devices, notification appliances and interface equipment. Figure 4.4 is a sequence of operations matrix
that summarizes the respective output functions for every alarm or supervisory signal initiating device.
Trouble signals (e.g., grounds, opens, low battery, loss of primary power, or other abnormal fire
alarm/emergency voice alarm condition) will also initiate an audio and visual alarm at the FACP,
annunciator and security office. The purpose of a trouble signal is to alert building staff of an incident
that warrants corrective attention, but not necessarily as immediate as a supervisory signal.
Speakers and strobes are spaced as required by their listing and NFPA 72, Table 18.5.4.3.1(a). Per NFPA
72, 18.4.8.1 and 18.5.4.1, all appliances are mounted on the wall such that the entire lens is located no
less than 90” or no more than 96” above the finish floor. Wall mounted combination speaker-strobes
are used where such devices satisfy mutual spacing requirements. The speaker temporal 3 tone
delivers at 84 dbA at 10’ from the appliance. Strobe intensity depends upon room configuration and
spacing between appliances, but are typically 15, 30, or 75 candela. Per NFPA 72, 18.5.4.4.5, 15-candela
appliances are installed within 15 feet of the ends of every corridor. Additional 15 candela appliances
are installed in corridors so that appliances are no further than 100 feet on center. In other locations,
15-candela appliances do not exceed a 20’ x 20’ spacing. 30-candela appliances don’t exceed at 28’ x 28’
spacing and 75-candela appliances don’t exceed a 45’ x 45’ spacing. Additional strobes are installed in
public restrooms and conference rooms to meet ABA requirements.
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Power and Signal Requirements
All fire alarm wiring is installed in accordance with NFPA 70 and NFPA 72. All fire alarm wiring is
installed in ¾ inch metallic conduit. Pathway survivability meets Level 1 per NFPA 72, 12.3 (i.e., wiring in
conduit, located in a fully sprinklered building). Wiring to initiating device (signaling line) circuits and
notification appliance circuits is Class B. Signaling line circuit wiring is 2 #16 AWG stranded untwisted
pair while audible notification appliance circuit wiring (to speakers) is 2 #14 AWG stranded, shielded
twisted pair and visible notification appliance circuit wiring (to strobes) is 2#14 AWG stranded untwisted
pair.
In order to provide an additional level of redundancy, power supply panels are installed on every floor,
with the exception of the first floor, such that notification appliances are powered on a floor by floor
basis. That way, should there be a problem between the fire alarm panel and the auxiliary power
supplies, notification appliances can still be powered by their respective power supply. This will also
save some wiring material and installation cost. The first floor notification appliances and all initiating
and signaling devices are powered from the main fire alarm control panel. The amount of secondary
power is contingent upon the number of devices and appliance installed, the number of power
consuming supplemental equipment (e.g., relays, monitor modules), and their respective current draw
under standby and alarm conditions. Per NFPA 72, 10.5.6.3.1, secondary power provides a minimum of
24 hours of standby power and 5 minutes of alarm power. Although the building has an emergency
generator, it is desired to have separate batteries provide secondary power for the four auxiliary power
supplies serving the notification appliances (one per floor, with the exception of the first floor) and the
fire alarm control panel.
Voltage drop calculations were conducted to assess the amount of wire needed for the notification
appliance circuits. Since NFPA 72, 10.14.1 requires the system be designed at 85% of the nameplate
voltage, the voltage available to power the notification appliances starts at 20.4 volts. And given the
minimum operating voltage of the appliances is 16 volts, then the maximum voltage drop permitted is
4.4 volts. Using 14 AWG stranded wire, per Table 8 of the NEC, the wire resistance is 3.19 ohms/1000’.
The maximum wire length is dependent upon voltage drop, wire resistance and the current draw by
each circuit. Using a single notification appliance circuit per floor, the maximum allowable voltage drop
of 4.4 volts was exceeded. Therefore, two notification circuits are installed per floor. See Figures 4.5a
and b for voltage drop calculations.
Figures 4.6a through d show the battery calculations for the building fire alarm system on a floor by
floor basis. The fire alarm control panel battery needs to be 10 AH, while the four notification appliance
extender panels all need to be 3 AH.
Figures 4.7a through e show the floor plans with all the fire alarm devices.
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Figure 4.2a – Fire Alarm Equipment Device Count – Initiating and Signaling Devices by Floor
Removed for security purposes
Figure 4.2b – Fire Alarm Equipment Device Count – Notification Appliances by Floor
Removed for security purposes
Figure 4.2c - Fire Alarm Equipment Device Count - Total
Removed for security purposes
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Figure 4.3 – Fire Alarm Initiation and Notification Single Line Riser Diagram
Removed for security purposes
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Figure 4.4 – Fire Alarm Initiation and Notification Sequence of Operation Matrix
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Figure 4.5a – Voltage Drop Calculations (1 circuit/floor)

Figure 4.5b – Voltage Drop Calculations (2 circuit/floor)
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Figure 4.6a – Fire Alarm Battery Calculations- NAC Extender (Basement)
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Figure 4.6b – Fire Alarm Battery Calculations - FACP (1st Floor)
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Figure 4.6c – Fire Alarm Battery Calculations- NAC Extender (2nd Floor)
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Figure 4.6d – Fire Alarm Battery Calculations- NAC Extender (3nd and 4th Floors)

41

Figure 4.7a – Fire Alarm Layout – 4th Floor
Removed for security purposes
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Figure 4.7b – Fire Alarm Layout – 3rd Floor
Removed for security purposes

43

Figure 4.7c – Fire Alarm Layout – 2nd Floor
Removed for security purposes
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Figure 4.7d – Fire Alarm Layout – 1st Floor
Removed for security purposes
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Figure 4.7e – Fire Alarm Layout – Basement
Removed for security purposes
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5 Fire Suppression
General
The building is completely protected by an automatic sprinkler system designed and installed in
accordance with NFPA 13. Wet type sprinklers are installed in all interior portions of the building,
including the atrium, electrical rooms, elevator pits and elevator machine rooms. Dry sprinklers are
installed in the main entrance vestibule. Sprinklers are not installed in the elevator hoistways. A Class I
manual wet standpipe is installed in all three stairwells designed and installed in accordance with NFPA
14. The standpipe contains individual 2-1/2” outlets in all stair landings and a single outlet on the roof
from the NW stair.
Available Water Supply
A 12-inch city main that runs in the north-south direction is located east of the building. An 8-inch city
main runs in the east-west direction south of the building. A fire hydrant is located at the north end of
the 12 inch main and another is located off the 8-inch main. All portions of the building are within a 300
ft hose length of either fire hydrant. See Figure 5.1.
The city mains are Class 50 cement lined ductile iron pipe (ID = 8.51”, C=140). Underground (key) valves
are provided so various portions of the loop can be taken out of service without disrupting the supply to
the sprinkler system or more than one fire hydrant. The sprinkler system is fed off the 12-inch main.
The underground connection between the 12-inch main and the building sprinkler system is a 150 foot,
6-inch Class 50 cement lined ductile iron (ID = 6.4”, C =140). Once the pipe comes above ground, the
pipe becomes schedule 40 black steel pipe to the riser.
The water supply for the sprinkler system is based upon a static pressure of 86 psi measured at the fire
hydrant on the south side of the building. The fire hydrant on the 12-inch main located on the east side
of the building was flow tested. See Figure 5.2. The flow test indicated the available water supply for
the sprinkler system is 1470 gpm at 75 psi.
The sprinkler riser is located in the parking garage sprinkler room. See Figure5.3. There is a 2-1/2 inch
Siamese fire department connection located east of the building. See Figures 1 and 2. A backflow
preventer is installed in the sprinkler room between the point of connection to the underground and the
sprinkler system riser.
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Figure 5.1 – Underground Sprinkler Distribution and Fire Hydrant Locations
Removed for security purposes

Figure 5.2 – East Fire Hydrant and Fire Department Connection
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Figure 5.3 –Basement Level Sprinkler Riser Room
Removed for security purposes

Sprinkler Demand
Chapter 5 of NFPA 13 defines occupancy classification for determining sprinkler hazards. Note: NFPA 13
defines occupancies different from that of NFPA 101. As a courthouse and office building, the
predominate NFPA 13 occupancy classification is light hazard. Hence, the 1st through 4th floors are
classified as light hazard occupancies, as well as the basement corridors. However, there are a number
of small mechanical, electrical and storage rooms located on the 1st through 4th floors which warrant a
higher hazard classification; those areas are classified as ordinary hazard group 2 occupancy areas. The
basement shop and mechanical areas, and the elevator pits are also considered ordinary hazard group 2
occupancy areas. However, the basement parking garage is to be considered an ordinary hazard group
1 occupancy. All rooms containing storage contain 9 foot ceilings so storage is limited to 7 feet 6 inches
to account for the minimum 18-inch “sprinkler-deflector-to-storage” clearance requirement. (See
drawing to see how areas are classified).
Chapter 11 of NFPA 13 defines the design criteria based upon hazard classification. See Figure 5.4. All
light hazard occupancy areas are designed for a density of .1 gpm/sq ft over an area of 1500 square feet.
All ordinary hazard group 1 areas are designed for a density of .15 gpm/sq ft over an area of 1500
square feet. All ordinary hazard group 2 areas are designed for a density of .2 gpm/sq ft over the area
being protected up to a maximum area of 1500 square feet. NFPA 13 no longer requires any provision
for inside hose in sprinklered buildings. NFPA 13 does require a 250 gpm allowance for outside
hosestream for ordinary hazard occupancies but the design only needs to consider the impact of the
hosestream on the available water supply. The water supply for the sprinkler system and hosestream is
provided by the city distribution system (i.e., there is no on-site tank). Hence, the duration of the water
supply is not being considered (i.e., it is considered unlimited).
Figure 5.4 –NFPA 13 Sprinkler Density and Hosestream Requirements
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The sprinkler system feeds the upper floors via a riser located in the NE Stair (Stair 2). All floors are a
single sprinkler zone.
All sprinkler piping is schedule 40 black steel pipe. All sprinklers are quick response type. Sprinklers in
rooms with acoustical tile or hard ceilings are pendent type sprinklers. All other sprinklers are upright
type sprinklers with the exception of the elevator pits and main entry vestibules where sidewall
sprinklers are installed. The sprinkler in the main entry vestibule and serving the basement loading dock
are dry sidewalls to preclude freezing. All sprinklers are ordinary temperature sprinklers.
Hydraulic calculations are provided to determine whether the available water supply, based upon the
hydrant flow test, meets the sprinkler demand. All calculations were made using the Density/Area
method. Velocity pressure was not considered. Friction loss is taken back to flow hydrant through the
backflow preventer and all valves in between.
Calculations have been provided for the southwest office area on the 4th floor since the office area is
furthest away from the riser. This area is classified as light hazard and thus has a design density of .1
gpm/sq ft over an area of 1500 square feet. An additional set of calculation was provided for the
mechanical room on the 4th floor, because it is the most hydraulically most remote area in the building
classified as ordinary hazard group 2. The design density for the mechanical room is .2 gpm/sq ft over
the entire area.
No calculations are provided for the 1st, 2nd or 3rd floors, as there are no areas on those floors which
present a greater hazard or are hydraulically more remote than the aforementioned areas on the 4th
floor. However, one additional set of calculations is provided for the basement shop area which is also
considered ordinary hazard group 2, having a design density of .2 gpm/sq ft over 1500 sq ft.
Figure 5.5 and Figure 5.6 are floor plans showing the three hydraulically most areas calculated.
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Figure 5.5 – 4th Floor Hydraulic Calculated Areas
Removed for security purposes
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Figure 5.6 - Basement Hydraulic Calculated Area
Removed for security purposes
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Figure 5.7 is a table showing the three hydraulically remote areas that were calculated. Figure 5.8 is a
graphical representation comparing the available supply with the three calculated demands. The graph
indicates the available supply meets the sprinkler demand, without the need for a fire pump. Figures
5.9a through 5.9d, 5.10, and 5.11a through 5.11c are the hydraulic calculations for the three
hydraulically most remote areas
Figure 5.7 –Sprinkler Requirements for Hydraulically Most Remote Areas
Hazard
Zone Fl Use

Classification

Density
2

Area
2

Hose

Flow

Pressure

(gpm/ft )

(ft )

(gpm)

(gpm)

(psi)

1

4 SW Office Light

0.10

1500

100

271

72

2

4 Mech Rm Ordinary Gp 1

0.15

644

250

170

64

3

B SW Shop

0.20

1500

250

544

77

Ordinary Gp 2

Figure 5.8 –Supply vs. Demand Curve

NFPA 14 requires class I standpipes to be able to provide 100 psi at the most remote outlet (the roof),
however, for manual wet standpipes, NFPA 14 (7.7.3) does not require the standpipe demand be
provided by the outside water supply as it assumes the fire department is equipped to do this. As such,
the only allowance is to ensure that the available water supply has sufficient flow in order to support
sprinkler system plus the worse-case hosestream requirements. The graph above deducts the 250 gpm
hosestream allowance before comparison with the sprinkler demand.
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Figure 5.9a – Sprinkler Calculations – 4th Floor Offices
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Figure 5.9b – Sprinkler Calculations – 4th Floor Offices (Continued)
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Figure 5.9c – Sprinkler Calculations – 4th Floor Offices (Continued)
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Figure 5.9d – Sprinkler Calculations – 4th Floor Offices (Continued)
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Figure 5.10 – Sprinkler Calculations – 4th Floor Mechanical Rm
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Figure 5.11a – Sprinkler Calculations – Basement Shop Area
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Figure 5.11b – Sprinkler Calculations – Basement Shop Area (Continued)
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Figure 5.11c – Sprinkler Calculations – Basement Shop Area (Continued)
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6 Performance Analysis
General
A performance based analysis was conducted in order to determine the whether the building and its
systems actually met the owner’s performance objectives in addition to the applicable code prescriptive
requirements. The principal goal of the performance analysis pertains to safety to life, as it has been
assumed that all other goals (e.g., property protection, mission continuity) will be met if more conservative
life safety goals are met. Therefore, the goals of this report (i.e., sections 4.1 and 4.2 of NFPA 101) remain
as stated in Section 3: to protect occupants not intimate with initial fire development and improve the
survivability of occupants intimate with initial fire development.
To determine whether these goals have been met, two fire scenarios were selected: a car fire in the judge’s
parking area in the basement parking garage and a fire in the main entry lobby security equipment. In
order to assess the impact of fire and products of combustion on life safety, an analysis was conducted to
determine whether the available safe egress time (ASET) exceeded the required safe egress time (RSET)
with a sufficient margin of safety. Occupants would be considered safe and thus life safety goals would be
deemed met, if occupants are separated from the effects of fire or safely located sufficiently from harm’s
way (i.e., they’ve relocated to an exit stair or to the building exterior).
RSET
RSET includes the time that is assumed to be needed to detect a fire, notify occupants of the fire, and time
for occupants to react and evacuate to a safe area. RSET is the sum of the detection, alarm, premovement and movement times. See Figure 6.1.
Figure 6.1 – RSET vs ASET

RSET

Movement time

tp
td

tm

ta
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Fire Detection
Detection of a fire can be done in three manners: by an automatic detection device, a sprinkler or by
manually observing the fire. .As discussed in Section 4, automatic detection is not required for this
building, other than to recall elevators, shutdown air handling equipment or provide early warning should
a fire occur in the fire command center. Hence, unless a fire started in an elevator machine room, the
elevator lobby, the fire command center, or in an air handler, a fire in this building will not be detected
automatically. As discussed in Section 5, the building is completely protected by automatic sprinklers. As
such, there’s a very strong chance a fire will be first detected by the activation of a sprinkler, especially if
the building is not occupied or the fire occurs in an area that is not normally occupied. In areas that are
normally occupied, it’s likely that a fire will first be discovered by a building occupant. Depending upon
the scenario, time of day and day of the week, the means of fire detection will vary (t d ).
Alarm Notification
Notification of a fire can be done in two manners: automatically by the fire alarm system or by verbal
communication from building occupants. In the latter case, occupant notification would principally be to
occupants who are proximate to the fire or the person discovering the fire. Occupants who aren’t
proximate to the fire would be notified upon activation of the fire alarm system, which would occur
automatically and almost immediately when a manual pull station, automatic detector or sprinkler system
pressure switch activated. The only time when fire detection and occupant notification is simultaneous is
when an automatic detector activates. Manual discovery of a fire and automatic sprinkler detection will
always precede occupant notification thus there is a time differential that needs to be considered.
Moreover, automatic sprinkler systems are inherently equipped with a time-delay feature to reduce the
risk of unwanted alarms due to pressure surges which has been set for 30 seconds. Therefore, occupant
notification will also depend upon the fire scenario, time of day and day of the week (t a ).
Pre-Movement
Pre-movement time can best be described as the time after alarm notification or fire discovery up to the
time actual evacuation travel commences. This includes recognition and response (i.e., pre-evacuation
activity) time. During this time period, individuals go through a number of decision processes such as
recognition, interpretation and validation followed typically by one or more pre-evacuation activities.
Ideally, this time is minimal, but in actuality and unfortunately, it can be considerable and thus
potentially mean life or death. Individuals respond quite differently during the pre-movement phase,
based upon a wide array of factors. Examples of factors that influence pre-movement time include:
one’s familiarity with the setting or occupancy; the time of day and weather; one’s alertness or sobriety;
one’s educational background; proximity to loved ones; one’s personal disabilities (e.g., hearing, sight,
mobility or cognitive impairments); one’s cultural background or social affiliation; one’s responsibility,
level of training and profession; and one’s gender. Other factors that impact pre-movement time
include how one becomes aware of the emergency situation, the number of people affected by the
emergency, how the fire threat is perceived, and how information regarding the fire was ascertained
(e.g., via the fire alarm system, by others or via actual visual or olfactory cues). The aforementioned
factors could either reduce or increase pre-movement time, depending upon the individual. Premovement time will also be effected due to a number of individual behavioral factors such as getting
dressed, gathering personal effects, locating family members, telling others about the incident,
safeguarding critical materials and shutting down equipment. These particular behaviors will likely
contribute to delay one’s actual movement time.
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Fortunately, there are proven design and operational features that can shorten the pre-movement time
in building evacuations. The two features of note include utilizing an emergency voice alarm
communication system (EVACS) and training. It is suggested that an EVACS equipped with manual voice
capability be used in lieu of an alarm system that merely uses bells or some other non-voice audible
means to alert occupants of a fire alarm, since humans generally prefer notification via voice (and tend
to ignore simple audible alarms). Training, whether it be office-based or practiced at home, familiarizes
occupants with emergency procedures and emergency egress routes, the latter which will also result in
a reduction in travel time.
Though the building will serve a good number of visitors who may serve as jurors, prospective jurors or
simply courtroom spectators, most occupants are quite familiar with their surroundings and means of
wayfinding. In addition, building staff is well versed in emergency procedures which include evacuating
occupants who may not be familiar with the building. Given this, it has been assumed that evacuation
procedures begin immediately upon alarm notification, but it will still take up to 30 seconds to begin to
facilitate the evacuation of visitors. This figure is the pre-movement time (t p ).
Occupant Movement
Occupant movement to a safe location is calculated using flow calculations from the SFPE handbook1.
The SFPE handbook provides a means to compute the time to evacuate a floor or the entire building.
For the purposes of this report, occupants are considered safe once they have reached an exit
(horizontal, exterior or stair enclosure). Movement time is based upon the number of occupants using a
particular exit, the area of the exit access that leads to an exit, occupant movement speed, travel
distance to an exit, and the dimensions of stairs and exit doors.
As discussed in Section 3, the building contains three stairways, plus exits at grade on both the 1st floor
and basement level. Movement time will consider the time needed to reach the closest exit. Figure 6.2
lists the number of occupants assumed to be using stairs for evacuation. All occupants on the 2nd
through 4th floors must take stairs to evacuate, however, not all occupants on the 1st floor and basement
need to utilize the stairs, given both floors have exits to grade. Therefore, on the 1st floor and
basement, it was assumed that only a proportionate number of occupants will use the stairs to egress
the building and the number of occupants considered in the egress calculations for stair use will not be
all encompassing of the total number of occupants in the building (i.e., only 1165 of the 1381 occupants
were assumed to use the stairs).
Once the number of occupants per stair has been determined, there are a series of calculations that
need to be performed in order to determine movement time. Calculations must first consider the time
to travel horizontally down a corridor to a stair entry door. Next, calculations must consider occupant
flow into the stairwell through the stair entry door. Calculations are provided that determine how long
it would take to completely evacuate the building (i.e,. down the stairs and out to grade through the
stair exit discharge door). However, occupants would be considered safe once they entered the stair
enclosure. Figures 6.3a, 6.3b and 6.3c denote the various calculations taken to determine movement
time.
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Figure 6.2 – Occupant Stair Use by Floor

For these calculations, it was assumed that egress started at the same time, and the use of stairs is
balanced. Initial travel speed is a function of the occupant density. Travel speed can never exceed 235
ft/minute per Table 3-14.4 on p3-370 of the SFPE Handbook, however, for this building, it was assumed
occupants might be in wheelchairs and thus travel speed is limited to no more than 135 ft/min (.7 m/s)
per the Table 4.2.3 on p4-456 of the NFPA Handbook.1,2 In all cases, it took approximately a minute to
reach the stairwell entry doors. The time to fill the stairs which is the stair descent time was .36
minutes. At 1.36 minutes, the stairs fill and can no longer accommodate the occupants from all floors,
hence, queuing will occur. From Figure 6.3c, the time to clear the 419 occupants using Stair 3 from all
four levels (basement level occupants don’t use Stair 3) took 10.1 minutes. Stairs 1 & 2 each serve 365
occupants, including the basement (but don’t serve the 1st floor) and only took 8.9 minutes to clear,
hence the 44” stair has been considered the worse case. 10.1 minutes is considered the total building
evacuation (movement) time. Figure 6.3c also indicates the movement time on a floor by floor basis and
indicates, for example, that occupants on the 4th floor would be considered safe in 3.4 minutes, while
occupants on the 2nd floor wouldn’t be considered safe until 7.35 minutes. Note: for this analysis, it was
assumed that occupants from lower floors will not be able to enter the stair until all upper levels have
cleared the stair, however, this doesn’t necessarily represent how occupants will actually enter and
leave the stair during an emergency, but it will represent a worse-case scenario for lower floor
evacuation.
The results for RSET as they pertain to the specific design scenarios will be discussed later in this section.
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Figure 6.3a – Egress Calculations (Corridors)

1
2
3
4

No. of occupants served by each stair
Area of main corridors (Ac )
Density (D) = number of occupants/area of main corridors

Initial speed (S) = k – akD = 275 – (2.86 x 275 x D), where: S < 235 ft/min (from Table 314.4) and
a = 2.86 (from formula on p3-370)
k = 275 for horizontal travel (from Table 3-14.2)
D - varies based upon area of corridor and occupants served
Use 135 ft/min for all floors to assume occupants in wheelchair
5
6

TDmax is maximum travel distance to stair entry
tc is time to reach stair from most remote corridor location (TDmax /S)
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Figure 6.3b - Egress Calculations (Stairs)

7
8
9

Stair entry doors are all 36" wide (WD)
Subtract 12" for boundary to compute effective stair door width (WeD)
Stairs are either 56" or 44" wide (WS)

10
11

12
13

Subtract 12" for boundary to compute effective stair width (WeS)
Flow out (Fs(out)) = Flow in (FsD(in)) x We(in)/We(out) where
FsD(in) = 24 p/ft/min and Fs(out) = Fs(out) or 18.5 p/min/sf, whichever is less
Density is a function of Fsmaxout (see Figure 3-14.5)

Stair speed (S) = k - akD ; where
a = 2.86 (from formula on p3-370)
k = 212 for vertical travel in 7/11 stair (from Table 3-14.2)
D - varies based upon number of occupants served by each stair
14
15
16
17
18
19

Stair flow (Fc) = Fs(maxout) x WeS
Stair distance (L) is based upon stair and landing travel distance
Stair clear time (tscl) = L/S (or stair descent rate - floor to floor travel)
Stair occupants (Ps) = Fc x tscl (number of occupants in stair)
Occupants waiting to get into stair (Pleft = no. of occs using stair - no. of stair occupants
Floor clear time (tfcl) = Ps - Fc stairs on floors clear simultaneously
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Figure 6.3c - Egress Calculations (Queuing)

Queuing will occur at all stair entrances on floors above the level of exit discharge. For calculation
purposes it was assumed that occupants on a floor will not be able to enter the stair, if the stair is filled .
ASET
ASET is the available safe egress time which is based upon the tenability of the space where the fire has
been assumed to occur. For a performance based design to be successful, ASET has to exceed RSET. ASET
is dependent upon the specific fire scenario and tenability objectives of the performance based design and
may include one or more criteria. There are a number of tenability criteria that can be used in a
performance design, however, this analysis will focus on the following three: smoke obscuration (visibility),
thermal environment (temperature) and asphyxiant (carbon monoxide).
Figure 6.4 shows the list the tenability criteria used for the building analysis, and its relation to RSET.
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Figure 6.4 – ASET Tenability Criteria

Temperature
CO Concentration

ASET Tenability Criteria

Visibility
RSET

RSET < ASET
t

Temperatures criteria are upon Figure 2-6.26 on page 2-102 of the SFPE Handbook3. See Figure 6.5. The
specific temperature to be maintained are based upon RSET plus a 1.5 factor of safety. In no case shall
temperature be allowed to exceed 60oC.
Figure 6.5 – ASET Criteria for Temperature
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Carbon monoxide criteria is based upon Figure 2-6.14 on page 2-152 of the SFPE Handbook.4 See Figure
6.6. The specific carbon monoxide concentration to be maintained is based upon RSET plus a 1.5 factor of
safety, hence the performance objective will depend upon the design scenario. .
Figure 6.6 – ASET Criteria for Carbon Monoxide

5

ppm = x 10

Visibility criteria is from Table 2-4.2 on page 2-47 of the SFPE Handbook.5 See Figure 6.7. Visibility needs to
be maintained in the corridor 6 feet (1.8 m) above the floor for a distance of 13 feet (4 meters) for
occupants who are familiar with the building and 40 feet (13 meters) for occupants who are unfamiliar with
the building so occupants can see exit signage without being subject to eye irritancy. The performance
objective for visibility will depend upon the design scenario.
Figure 6.7 – ASET Criteria for Visibility
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Design Scenarios
Car Fire in Parking Garage
The car fire was selected because the judge’s parking area only has one means of egress. Figures 6.8 shows
a picture of the garage. Figure 6.9 shows the location of where the car fire is assumed to occur.
Figure 6.8 –Basement Parking Garage
Removed for security purposes

Figure 6.9 – Floor Plan of Parking Garage
Removed for security purposes
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The fire size for the garage was based upon data obtained by Barbrauskas from vehicle burn testing
done in Europe. Figure 3-1.46, on page 3-27 of the SFPE Handbook.6 Figure 6.10 provides data for five
vehicles peak heat release rates varying between 1.5 and 8.5 MW. From the data, it was decided to use
the 4.5 MW curve since it represents an average car far. Based upon this curve, the fire growth
coefficient (α) was determined to be .006.
Figure 6.10– Heat Release Curve for Car Fires

FDS was used to calculate the fire output. Figure 6.11 lists some of the input parameters. The input data
for the FDS file is from Gisi for polyurethane flexible foam.7 A ramp function was generated based upon the
curve in Figure 6.10 and can be found in Figure 6.12. The ramp function ceased upon activation of the
sprinkler.
Figure 6.11 – FDS Input Parameters for Car Fires
&REAC ID='POLYURETHANE',
C=1.0, H=1.75, O=0.25, N=0.065,
HEAT_OF_COMBUSTION=25300,
CO_YIELD=0.02775,
SOOT_YIELD=0.1875/
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Figure 6.12 – FDS Ramp Function for 4.5 MW Car Fire
&SURF ID='Burner',
RAMP_Q='tsquared',
HRRPUA=4500,/ 1m2 fire
&RAMP ID='tsquared', T= 0.0, F=0.00 /
&RAMP ID='tsquared', T= 80.0, F=0.0011 /
&RAMP ID='tsquared', T=150.0, F=0.0889 /
/&RAMP ID='tsquared', T=240.0, F=0.1778 /
/&RAMP ID='tsquared', T=320.0, F=0.0889 /
/&RAMP ID='tsquared', T= 400.0, F=0.1778 /
/&RAMP ID='tsquared', T= 480.0, F=0.2667 /
/&RAMP ID='tsquared', T= 560.0, F=0.4667 /
/&RAMP ID='tsquared', T= 640.0, F=0.6889 /
/&RAMP ID='tsquared', T= 720.0, F=0.7556 /
/&RAMP ID='tsquared', T= 800.0, F=0.8889 /
/&RAMP ID='tsquared', T= 880.0, F=1.00 /
/&RAMP ID='tsquared', T= 960.0, F=0.8889 /
/&RAMP ID='tsquared', T= 1040.0, F=0.9333 /
/&RAMP ID='tsquared', T= 1120.0, F=0.8444 /
/&RAMP ID='tsquared', T= 1200.0, F=0.7566 /
/&RAMP ID='tsquared', T= 1280.0, F=0.6667 /
/&RAMP ID='tsquared', T= 1360.0, F=0.6222 /
/&RAMP ID='tsquared', T= 1440.0, F=0.5556 /
/&RAMP ID='tsquared', T= 1520.0, F=0.4667 /
/&RAMP ID='tsquared', T= 1600.0, F=0.4444 /
/&RAMP ID='tsquared', T= 1680.0, F=0.4 /
/&RAMP ID='tsquared', T= 1760.0, F=0.3333 /
/&RAMP ID='tsquared', T= 1840.0, F=0.3111 /
/&RAMP ID='tsquared', T= 1920.0, F=0.2889 /
/&RAMP ID='tsquared', T= 2000.0, F=0.2222 /
/&RAMP ID='tsquared', T= 2080.0, F=0.2 /
/&RAMP ID='tsquared', T= 2160.0, F=0.1778 /
/&RAMP ID='tsquared', T= 2240.0, F=0.1556 /
/&RAMP ID='tsquared', T= 2320.0, F=0.1333 /
/&RAMP ID='tsquared', T= 2400.0, F=0.1111 /
/&RAMP ID='tsquared', T= 2480.0, F=0.0889 /
/&RAMP ID='tsquared', T= 2560.0, F=0.0667 /
/&RAMP ID='tsquared', T= 2640.0, F=0.0667 /
/&RAMP ID='tsquared', T= 2720.0, F=0.0667 /
/&RAMP ID='tsquared', T= 2800.0, F=0.0444 /
/&RAMP ID='tsquared', T= 2880.0, F=0.0444 /
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The garage is approximately 190 ft (60 m) long and varies in width between 50 and 60 ft (15 and 18 m).
The garage ceiling is 10 ft (3 m) high. The judge’s parking area contains five parking spaces and is
separated from the rest of the garage by a wire mesh fence with both a coiling door for vehicular access
and a man gate that provides egress from the judge’s parking area. The judge’s parking area is served by
an eight-passenger private elevator. There are two exterior exits from the parking garage: one on the
far east wall and the other on the north wall. There also is a door that leads back into the basement
through the two-hour fire resistant rated barrier. The far east exit is approximately 190 ft (60 m) from
the elevator lobby. Both the north exit and basement exit access doors are approximately 74 ft (23 m)
from the elevator lobby. Access to all exits is via a man gate which is 34 ft (10 m) from the elevator
lobby and 56 ft (17 m) from the further point in the judge’s parking area.
Sprinklers in the garage are 155oF (68oC) intermediate temperature rated, quick response type with an
RTI of 50 and a k factor of 5.6. Sprinklers have been installed 13 ft by 10 ft (4 m by 3 m) in order to meet
ordinary hazard occupancy spacing limitations. The fire for this scenario has been assumed to occur in
one of the five parking stalls closest to the judge’s elevator located approximately 13 ft (4 m) from the
elevator lobby door. The fire is located equidistant to two sprinklers (sprinklers 1 and 2). The judge’s
elevator lobby contains a photoelectric smoke detector with a 3% obscuration. However, the door to
the elevator lobby is normally closed and thus the detector would not be expected to alarm, unless the
door were opened during the fire.
As discussed previously in this section, RSET has four time components: detection, alarm, pre-movement
and movement times. A fire could be detected in one of three ways: manually, upon activation of the
sprinkler system, or upon activation of the judge’s elevator lobby smoke detector. Manual fire
detection would occur if the fire were discoverer by an occupant in the garage prior to detection by
either the smoke detector or sprinkler. Automatic detection via smoke detector is not likely since the
elevator lobby door is normally closed. Therefore, it has been assumed that detection time is dictated
by the sprinkler system.
However, since sprinklers have a time delay feature, occupant alarm notification won’t occur until 30
seconds after the sprinkler activates. The FDS simulation calculates sprinkler activation to be 178
seconds (3 minutes). Adding the 30 second delay means that occupants won’t be notified of an alarm
until 3.5 minutes. Note: a second sprinkler activated in 235 seconds (3.9 minutes)
Though typically, there would be no pre-movement time anticipated for a car fire in a garage (since
occupants should see the fire from any part of the garage), pre-movement time has been considered to
account for a maximum of occupants who might be in the judge’s elevator. The descent time for
occupants who load on the 4th floor is approximately 30 seconds. Hence, 30 seconds has been
considered premovement time.
It has been assumed that at least one occupant will be in a wheelchair. Therefore, movement time is a
function travel distance from the elevator lobby to the nearest exit, wheel chair movement speed, plus
flow through all the doors. Given there are three doors (the elevator lobby, the gate and the basement
exit doors), with a 74 ft (22 m) travel distance at 135 ft/min (.7 m/s), it would take approximately 1
minute for all eight occupants to travel from the elevator lobby to the basement. Therefore, RSET has
been calculated to be 5.0 (3 + .5 + .5 + 1) minutes. Given a 1.5 factor of safety, the performance
objective for ASET has been determined to be 7.5 minutes.
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As discussed earlier in this section, the tenability criteria used for this performance analysis considers
temperature, CO concentration and visibility. Tenability charts for temperature and carbon monoxide are
repeated in Figures 6.13a and 6.13b and show the respective times and tenability limits that must be met in
order to exceed RSET plus the factor of safety. At 7.5 minutes, temperature is expected to be below 60oC
(140oF) and carbon monoxide concentration is expected to be below 2500 ppm. Visibility is expected to be
13 ft (4 m) as garage occupants are assumed to be familiar with their surroundings. See Figure 6.7.
Figure 6.13a - ASET Criteria for Temperature

Figure 6.13b - ASET Criteria for Carbon Monoxide

ppm = x 105

In order to determine the temperature, carbon monoxide and visibility levels, FDS was run for RSET plus the
factor of safety (a total of 7.5 minutes). The results of the simulation can be found Figures 6.14, 6.15 and
6.16, which show temperatures, carbon monoxide concentrations and visibility levels, respectively.
Temperature and carbon monoxide levels are shown at 7.5 minutes. Visibility levels are shown at multiple
intervals to demonstrate how the visibility degrades over time. Visibility is shown at 3 minutes (when the
sprinkler activates), 3.5 minutes (when the occupants are notified), 4 minutes (when occupants could arrive
at the parking garage elevator lobby) and 5 minutes (at RSET).
Figure 6.17 summarizes the results of the FDS simulation. From the aforementioned data, the car fire does
not generate temperature or carbon monoxide levels that would adversely affect occupants during
evacuation. However, visibility levels are below 13 ft (4 m) well before occupants are notified of an alarm.
Therefore, the design did not meet all the tenability criteria
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Figure 6.14 – Car Fire Temperature at 7.5 minutes

Figure 6.15 – Car Fire Carbon Monoxide Concentrations at 7.5 minutes
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Figure 6.16 – Car Fire Visibility at Various Times

(

y

)

t = 3.0 min (sprinkler activation)

t = 3.5 min (alarm notification)

t = 4.0 min (occupants arrive)

t = 5.0 min (RSET)
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Figure 6.17 – RSET vs. ASET for Car Fire
Temperature < 60oC (7.5 min)
CO < 2500 ppm (7.5 min)

Visibility < 4 m (3 mins)

Occupants
Exit
Elevator

Sprinkler Waterflow
activation Alarm

3.0 min

4.0 min

3.5 min
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5.0 min

7.5 min
1.5 RSET
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FDS was run also to compare results of car fires located at three other locations in the parking garage: two
spots along the north wall and at the far southeast corner of the garage, furthest from the design scenario.
Figure 6.18 shows these locations and respective sprinkler activation times. In one case, the fire was
located directly below a sprinkler and in this instance, the sprinkler (sprinkler 15) activated in 144 seconds
(30 seconds faster). No other sprinklers activated. In the two other cases, the fire was equidistant
between two sprinklers and the sprinkler response times in both scenarios were similar to the design fire
scenario (3 and 3.9 minutes respectively). In all cases, temperature and carbon monoxide levels were
satisfactory, but visibility levels were not. However, the time for visibility to impact upon egress varied
dependent upon proximity of the fire scenario to the elevator lobby and egress path (i.e., the closer the fire
was to the elevator lobby, the faster visibility was impacted). All show that a car fire in any location in the
garage will adversely impact egress.
Figure 6.18 – Alternate Car Fire Scenarios
Removed for security purposes
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Security Equipment Fire in Main Entry Lobby
A fire in the main lobby was selected because a fire in this area potentially exposes two floors. Figure 6.19
shows a photo of the main lobby. There is nothing in the lobby other than the security screening
equipment. Figure 6.20 shows the equipment that is being used for screening.
Figure 6.19 –Main Entry Lobby

Figure 6.20 –Screening Equipment
Removed for security purposes
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Figure 6.21 shows the floor plan of the main entry lobby from the 2nd floor. The main entry is triangular
shaped, approximately 60 ft by 60 ft (18 m by 18 m) in length and width, and 1700 square feet (158 sq m) in
total area. It serves two stories (the 1st and 2nd floors) and is 31 ft (10 m) high. The 2nd floor is
approximately 16 ft (5 m) above the 1st floor. As discussed in Section 2, the main entry is not separated
from adjacent areas by fire or smoke barrier construction. Exit access “corridors” are provided on both
floors, however, they are only separated from the main lobby by an open colonnade. The 2nd floor
corridors lead to both the NE and NW (not pictured) exit stairs. Occupants from office areas on other parts
of the 2nd floor also have access to the NE stair without passing through the two story area. The SW stair
(not pictured) is only accessible from the office area. There also is a monumental stair that communicates
between the two levels, but it is not considered part of the means of egress.
Figure 6.21 – 2nd Floor Plan of Main Entry
Removed for security purposes
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Occupants entering the building are required to have their bags screened through the security equipment
located in the main entry. Since the 2nd floor is open to the 1st floor, products of combustion from a fire in
the screening equipment below can impact on 2nd floor egress that relies on accessing the NE and NW
stairs.
The fire size for the screening equipment was based upon data obtained by Barbrauskas from burn
testing done on business machine cabinets made from polyphenylene oxide plastic, as this was the
closest data that could be found that matched the screening equipment. Figure 3-1.14 from p3-11 of
the SFPE Handbook provides data for two burns.8 See Figure 6.22. The curve selected is the worse-case
scenario using non-fire retardants and shows a peak heat release of 600 kW at approximately 110
seconds. Based upon this curve, the fire growth coefficient (α) was determined to be .0042.
Figure 6.22– Heat Release Curve for Screening Equipment Fire

‘
FDS was used to calculate the fire output. Figure 6.23 lists some of the input parameters. The heat of
combustion for the FDS file is from Table C.3 on pA-40 of the SFPE Handbook for polyphenylene oxide.9
The carbon monoxide yield of .28 was based upon a typical value for plastics (e.g., flexible polyurethane).10
The soot yield of .1 was based upon a typical value for plastics (e.g., flexible polyurethane) as noted by
Robins and Wade.11 A ramp function was generated based upon the curve in Figure 6.22 and can be found
in Figure 6.24.
Figure 6.23 – FDS Input Parameters for Screening Equipment Fire
&REAC ID='POLYURETHANE',
C=1.0, H=1.75, O=0.25, N=0.065,
HEAT_OF_COMBUSTION=3.313E4,
CO_YIELD=0.0280, SOOT_YIELD=0.1/
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Figure 6.24 – FDS Ramp Function for 600 kW Screening Equipment Fire
&SURF ID='Burner',
RAMP_Q='tsquared',
HRRPUA=600,/
&RAMP ID='tsquared', T= 0.0, F=0.00 /
&RAMP ID='tsquared', T= 30.0, F=0.0667 /
&RAMP ID='tsquared', T= 65.0, F=0.05883 /
&RAMP ID='tsquared', T= 90.0, F=0.3167/
&RAMP ID='tsquared', T= 110.0, F=1.0 /
&RAMP ID='tsquared', T= 160.0, F=0.8167 /
&RAMP ID='tsquared', T= 180.0, F=0.75 /
&RAMP ID='tsquared', T= 240.0, F=0.03167 /
&RAMP ID='tsquared', T= 350.0, F=0.05 /
&RAMP ID='tsquared', T= 500.0, F=0.0417 /
&RAMP ID='tsquared', T= 600.0, F=0.0083 /
Sprinklers are provided at the top of the main lobby as well as along the 1st and 2nd floor walkways.
Sprinklers are 135oF (57oC) ordinary temperature rated, quick response type with an RTI of 50 and a k
factor of 5.6. Sprinklers have been installed 13 ft by 13 ft (4 m by 4 m) which meets light hazard
occupancy spacing limitations. The main passenger elevator lobby on both floors contains photoelectric
smoke detectors with a 3% obscuration. The elevator lobbies are not separated from the main entry
lobby. The screening equipment is located approximately 16 ft (5 m) from the main entrance in the twostory area, equidistant from sprinklers (sprinkler 23 and 24). The elevator lobby smoke detector is 40 ft
(12.2 m) from the fire location.
The objective for this fire scenario is to ensure occupants located on the 2nd floor can reach an exit stair
prior to conditions becoming untenable. As discussed previously in this section, movement time was
determined to be 7.4 minutes for the 2nd floor due to queuing. Detection time has been based upon the
time the elevator lobby smoke detector activates because the FDS simulation indicated that sprinklers
would not activate during the fire given the assumed ramp function (Sprinkler 23 did activate after 373
seconds during a trial run assuming a steady state fire). Note: the fire could also be detected manually if
discovered by security staff working in the lobby but this analysis takes the more conservative approach
which assumes the elevator lobby smoke detector activates at 1.8 minutes per FDS.
The fire alarm system is designed to notify occupants immediately; as such, alarm time is assumed to be
concurrent with detection time. Pre-movement time must be considered for this building as there will
be a number of occupants expected to take an action upon hearing an alarm. Since occupants working
in the building are familiar with the occupant emergency plan and are trained to assist visitors during an
evacuation, pre-movement time has been assumed to be 30 seconds (.5 minutes). All told, RSET has
been calculated to be 9.7 (1.8 + .5 + .7.4) minutes. Given a 1.5 factor of safety, the performance
objective for ASET is not to exceed 14.6 minutes.
The tenability criteria used for this performance analysis also considers temperature, CO concentration and
visibility. Tenability charts for temperature and carbon monoxide are repeated in Figures 6.25a and 6.25b
and show the respective times and tenability limits that must be met in order to exceed RSET plus the
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factor of safety. At 14.6 minutes, temperature is expected to be below 60oC (140oF) and carbon monoxide
concentration is expected to be below 1200 ppm. Visibility is expected to be 42.6 ft (13 m) as some
occupants are not familiar with their surroundings. See Figure 6.7
Figure 6.25a - ASET Criteria for Temperature

Figure 6.25b - ASET Criteria for Carbon Monoxide

ppm = x 105

The FDS simulation was run for 15 minutes to account for the 14.6 minute factor of safety. Figures 6.26
and 6.27 show FDS temperature and, carbon monoxide concentrations, respectively. Temperature and
carbon monoxide levels are shown at 221 seconds (3.7 minutes), as this time is when the worse-case values
for both were observed. Figure 6.28 shows visibility levels at 1.8 minutes (time of fire detection) and 2.3
minutes (time that movement is assumed to begin) for the 13 m visibility performance criteria. For
comparison, Figure 6.29 shows similar data for a 4 m visibility performance criteria for comparison
purposes. Figures 6.30a and 6.30b summarize the results of the FDS simulation.
From the aforementioned data, the security equipment fire does not generate temperature or carbon
monoxide or smoke levels that would adversely affect occupants during evacuation. However, visibility
levels are below 13 m), thus, the design did not meet all the tenability criteria. Though 13 m was the
performance objective, the results also indicate visibility levels also fail if the more liberal, 4 m value for
familiar occupants is used. This indicates that even with instantaneous detection and movement (i.e.,
movement starts immediately upon ignition), visibility levels would not be sufficient to provide safe egress
for occupants on the second floor.
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Figure 6.26 – Main Entry Screening Equipment Fire Temperature at 3.7 minutes

Figure 6.27 – Main Entry Screening Equipment Fire Carbon Monoxide Concentration at 3.7 minutes
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Figure 6.28 – Main Entry Screening Equipment Fire Visibility at Various Times for 13 m

t = 1.8 min (detection/alarm)

t = 2.3 min (movement begins)

Figure 6.29 –Main Entry Screening Equipment Fire Visibility at Various Times for 4 m
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t = 3 min (visibility < 4 m)
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Figure 6.30a – RSET vs. ASET for Main Entry Screening Equipment Fire

Visibility < 13 m (2.1 min)
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2.3 min
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9.7 min
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Figure 6.30b – RSET vs. ASET for Main Entry Screening Equipment Fire
Visibility < 4 m (3 min)

Detector
& alarm
activation

2.3 min

1.8 min

Temperature < 120oC (14.6 min)
CO < 6000 ppm (14.6 min)

9.7 min
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7 Conclusion
The building as designed and constructed conforms to all applicable codes and installation standards,
with one minor exception: common path of travel in the parking garage exceeds 50 feet. For the most
part, the design follows the prescriptive requirements of NFPA 101, the IBC and all their respective
references. However, as evidenced by the performance analysis, a car fire in the parking garage has the
potential to impact occupants using the judge’s elevator. To address this risk, and correct the common
path of travel deficiency, a protected passageway could be constructed that provides access from the
elevator lobby to the building exterior without having to pass through the parking garage. See Figure
7.1. Alternatively, a smoke control system could be installed.
Figure 7.1 – Parking Garage with New Enclosed Exit Passageway and Exterior Exit Door
Removed for security purposes
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The two story main entry (“atrium”) has been constructed without any fire or smoke barrier separation
from adjacent areas and is not equipped with smoke control, which is permitted by the IBC. A fire
generated by the main screening equipment that is assumed to peak at 600 kW fire at 110 seconds
would generate sufficient smoke to adversely impact visibility. A very simple solution would be to install
a door on the second floor at the northwest corner of the atrium where it joins with the corridor that
leads to the NW stair. See Figure 7.2. Another (more costly) solution would be to install a smoke
control system. It should be noted that if different equipment were used that generated less soot,
visibility would be improved.
Figure 7.2 – Second Floor with Cross Corridor Door to Separate Main Entry Lobby (Atrium)
Removed for security purposes
The performance analysis indicates that merely following prescriptive codes does not necessarily
guarantee safety.
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A-3 Acceptance Testing and Certificate of Occupancy
Newly installed fire protection systems was inspected and tested prior to final acceptance to
demonstrate the equipment as installed meets the requirements of the contract documents (i.e., plans
and specifications), as well as their applicable references. Acceptance testing was provided for:
a. Fire Protection Features (compliance with NFPA 80, 90A, and 101)
1. Operate fire doors (occupancy separation, stairs, hazardous areas)
2. Operate fire dampers
3. Verify integrity of passive fire protection (e.g., through penetration systems, spray-on fire
proofing)
b. Means of Egress Features (compliance with NFPA 101)
1. Operate means of egress door hardware (self/automatic closers and latching devices)
2. Verify illumination of means of egress under primary and emergency power
3. Verify illumination and proper location of exit signage
c. Fire Suppression Systems (compliance with NFPA 13, 14, and 20)
1. Verify underground piping integrity (hydrostatic and flushing)
2. Verify sprinkler system integrity, piping, layout and performance (hydrostatic , inspector’s test)
3. Verify operation of valves, fire department connections and backflow preventers
d. Fire Alarm Initiating and Notification System (compliance with NFPA 72)
1. Demonstrate that initiating devices generate appropriate outputs
2. Demonstrate that operation of supervisory signaling devices generate appropriate outputs
3. Demonstrate that audio and visual notification appliances operate properly upon activation of
respective initiating device
4. Verify transmission of signals to central station service alarm facility
5. Operate emergency control function interface equipment (e.g., elevator recall and HVAC
shutdown)
6. Operate fire alarm system upon emergency power and upon loss of primary power
7. Verify there are no opens, grounds or shorts on circuit wiring.
The construction Contractor shall perform preliminary testing of all newly installed fire protection
systems prior to scheduling final acceptance testing. Once the construction Contractor has verified
satisfactory performance of fire protection equipment via preliminary testing, he shall notify the
Contracting Office in order to schedule final acceptance testing with the Authority Having Jurisdiction.
The Contractor and/or Subcontractor(s) shall provide all equipment necessary for final acceptance
testing, and certify and deliver all forms associated with final acceptance testing. All subcontractors
involved with installation of fire protection equipment must be present during final acceptance testing.
The AHJ will witness all final acceptance testing to verify the installation complies with the contract
requirements. Items not found satisfactory are to be retested at the expense of the Contractor and/or
its Subcontractors. Upon satisfactory demonstration that all newly installed systems perform in
accordance with the contract documents and their applicable references, the AHJ will recommend
acceptance of the systems and issue a certificate of occupancy which will officially notify the Contractor
Officer that the building is safe to occupy.
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A-4 Operations and Maintenance
Inspection, Testing and Maintenance
Fire protection systems must be properly inspected, tested and maintained over the life of the building.
The success of a performance based design is also contingent upon the building maintaining its use and
operation (i.e., any change of use or building construction modifications can affect the assumptions,
calculations and simulations such that the design may no longer be met).
Fire Alarm Systems
Inspection, testing and maintenance (ITM) requirements, including acceptance testing requirements, for
all fire alarm, emergency voice communication and mass notification equipment can be found in NFPA
72, Chapter 14. Additional requirements pertaining to documentation can be found in NFPA 72, 10.18.
All equipment should have been successfully tested prior to occupancy. This includes ensuring that all
functions listed on the sequence of operation (i.e., input/output matrix) perform as prescribed; ensuring
there are no opens, shorts or grounds; ensuring appropriate sound levels in all occupied areas (i.e.,
minimum of 70 dBA for the temporal 3 tone generator preceded voice messaging); ensuring all strobes
provide the appropriate lamination (minimum of .375 lumens/sq ft); and ensuring pre-recorded voice
messages are no less than .7 CIS (or .5 STI) in those Acoustically Distinguished Spaces so designated.
Documentation of test completion will be furnished on the Record of Completion form per NFPA 72,
Figure 10.18.2.1.1.
In-house personnel with appropriate training will conduct periodic inspection and testing per the
respective inspection and testing frequency tables in NFPA 72 (Tables 14.3.1, 14.4.2.2 and 14.4.5) as
early as one month after final acceptance, but will defer service, repair and programming to contracted
personnel who are properly certified. Since the system will be under warranty for at least one year, any
problems with the system will be repaired by the installation contractor at no charge.
Fire Suppression Systems
The building owner is responsible to ensure that the inspection, testing and maintenance of all installed
fire protection systems is conducted in accordance with all applicable NFPA standards. Water-based fire
suppression systems will be inspected, tested and maintained in accordance with the methods and
frequencies listed in the latest edition of NFPA 25 (2011).
Sprinkler systems must meet the requirements of Chapter 5 (Table 5.1.1.2); the wet pipe standpipes
must meet the requirements of Chapter 6 (Table 6.1.1.2); and valves and components must meet the
requirements of Chapter 13 (Table 135.1.1.2). The aforementioned are in addition to the general
requirements of Chapter 4. Note: since mains surround the building are public, the requirements of
Chapter 7 will not apply, though it is expected that the local municipality will inspect, test and maintain
(dry-barrel) fire hydrants accordingly and perform annual fire hydrant flow tests. The requirements of
Chapter 9 through 12 will also not apply, since there is no water storage tanks on premises, and no fixed
water spray, foam, or water mist systems installed in the building. The requirements of Chapter 14 and
15 need only be followed as the need arises (i.e., should there be evidence of obstruction or corrosion,
or when impairments arise).
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Building maintenance staff will ensure the temperature of the vestibule is above 40oF so the dry sidewall
sprinklers don’t freeze (Ref: 4.1.1.1). Building staff will perform weekly inspections of pressure gauges,
monthly inspections of the backflow preventers and quarterly inspections of water flow and supervisory
alarm devices. All staff will ensure appropriate clearance (typically 18”) between the sprinkler deflector
and storage.
Contract staff will perform all quarterly, semi-annual and annual inspection and testing prescribed by
NFPA 25, including quarterly main drain tests, and quarterly inspections of the fire department
connections. Contract staff will perform a hydrostatic test on the wet standpipe and inspect all check
valves. Contract staff will perform system maintenance and repair, and obstruction investigations as
necessary. All inspection, testing and maintenance will be documented on forms included in the latest
edition of the NFPA Fire Protection Systems Inspection, Test and Maintenance Manual (Chapters 2, 7
and 8).
If any portion of the sprinkler system is taken out of service or more than 4 hours, impairment
procedures per Chapter 15 and fire watch procedures per the Life Safety Code will be implemented.
Per Chapter 4, should any room or area be converted into a space where the use is considered more
hazardous, an analysis of the hazard needs to be conducted to determine whether the existing design
needs to be modified. In addition, if room walls are reconfigured, the adequacy of the existing location
and layout of sprinklers needs to be assessed to determine whether additional sprinklers are required.
Sprinklers that are damaged, painted, or show sign of corrosion will be replaced immediately.
Sprinklers in the basement paint shop will be covered with paper bags or cellophane bags no thicker
than .003 inches.
Means of Egress Features
Emergency lighting and exit signs will be tested in accordance with NFPA 101 which requires emergency
power (i.e., batteries) supplying lighting or exit signage be operated for 30 seconds every month, and for
90 seconds once a year. In house staff will be responsible for this testing.
Fire Doors and Dampers
Fire doors and fire dampers will be inspected, tested and maintained in accordance with NFPA 80, which
requires fire doors to be operated annually and fire dampers to be operated every four years. Non-fire
rated doors that are expected to remain closed or arranged to automatically close upon the activation of
the fire alarm system will be exercised annually to verify doors self-close and/or latch, depending upon
the performance specified in the design documents. In house maintenance personnel will be
responsible for all inspections, test and maintenance of fire protection features, with the exception of
the four year testing of fire dampers, which will be performed by a qualified contractor.
O&M Manuals
The construction Contractor shall submit two sets of operations and maintenance (O&M) manuals to the
Contracting Officer upon completion of the project for all equipment listed in the contract. O&M
manuals shall contain catalog cuts and procedures for inspection, testing and maintenance for each
piece of equipment provided. Manuals shall also include updated drawings that reflect as-built
conditions (e.g., structural fire proofing; sprinkler and piping layout; location/layout drawings of fire
alarm initiating and notification system) and all calculations (e.g., sprinkler hydraulic calculations based
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upon as-built conditions; battery and voltage drop calculations). Manuals shall include as-built drawings
of all installed fire protection equipment.
Training
In accordance with the contract documents, the Contractor shall provide training to building and
maintenance staff on the newly installed equipment no more than 30 days after final acceptance of fire
protection systems. Training will be equipment- specific and based upon information contained in the
O&M manuals. Training shall include, but not be limited to: acknowledging and resetting the fire alarm
initiating and notification system; temporarily removing alarm initiating devices from service and
returning devices back into service; and impairment procedures. Final payment will not be made until
all required training has been provided.
Occupant Emergency Plans
The occupant emergency plan will be in accordance with Section 38.7 of the Life Safety Code (Operating
Procedures) and Sections 404, 405 and 406 of the IFC. As the Courthouse is a four-story building, all
occupants will be expected to evacuate the building in a fire emergency. The A/E shall provide the
Contracting Office an occupant emergency plan that includes floor and site plans, plus a compendium of
emergency procedure templates that can be tailored to meet the specific needs of the building owner.
Building plans shall show: the location of portable fire extinguishers, manual pull stations and exits on all
floors; the location of all hazardous areas and general description of contents; and the location of the
emergency voice alarm communication system panel and all remote annunciators. Site plans shall show
the location and orientation of building that also shows how emergency vehicles are to access the site;
the location of the nearest fire hydrants; and the location of the fire department connection.
The emergency procedure templates shall provide sections for: notifying building and emergency
response personnel of an emergency; identifying staff responsible during an emergency and assigning
their respective tasks; assisting occupants with disabilities (e.g., hearing, sight and mobility impaired) in
the event of an emergency; accounting for occupants after an emergency; operating portable fire
extinguishers; determining where exterior evacuation meeting points should be located; and conducting
and documenting (annual) fire drills. The template shall also contain a section for describing how the
emergency voice alarm communication and mass notification system notifies occupants of an
emergency (e.g., flashing strobes along with a tone alert that is followed by a voice announcement
directing occupants to evacuate should there be a fire; or to remain in place if there should be an event
such as a sniper attack that warrants such).
The building owner is responsible for training staff on fire prevention and evacuation procedures, for
keeping occupant emergency plan current and for implementing procedures during an impairment. The
building owner will maintain a copy of the occupant emergency plan for inspection by the local fire
department. The building owner is also responsible for maintaining a continuous dialogue with the local
emergency officials to keep them apprised on any changes to the occupant emergency plan that may
impact upon emergency response operations (e.g., changes in hazards, location of fire protection
equipment, etc.) and If any portion of the sprinkler system, or emergency voice alarm communication
system are taken out of service or more than 4 hours.
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A-5 FDS Input File for Parking Garage Fire
&HEAD CHID='Garage fire-4.5 MW'/ 4.5 MW fire, SFPE Fig 3-1.46; fire by west wall
&TIME T_END= 450.0/ 7.5 mins
&MESH ID='1', IJK=120,36,12, XB=0.0,60, 0.0,18, 0.0,3.0/
190' x 60' x 10' = 60 m x 18 m x 3 m .5 m mesh
&REAC ID='POLYURETHANE',
C=1.0,
H=1.75,
O=0.25,
N=0.065,
HEAT_OF_COMBUSTION=25300,
CO_YIELD=0.02775,
SOOT_YIELD=0.1875,
IDEAL=.TRUE./
&MATL ID='CONCRETE',
SPECIFIC_HEAT=0.75,
CONDUCTIVITY=1.0,
DENSITY=2300.0/
&MATL ID
= 'GYPSUM PLASTER'
FYI
= 'Quintiere, Fire Behavior'
CONDUCTIVITY = 0.48
SPECIFIC_HEAT = 0.84
DENSITY
= 1440. / added gypsum board for room walls
&MATL ID='STEEL', EMISSIVITY=0.95, DENSITY=7850., CONDUCTIVITY=45.8, SPECIFIC_HEAT=0.46 /
&SURF ID='STEEL DOOR', COLOR='BLUE', MATL_ID='STEEL', THICKNESS=0.2 /
&SURF ID
= 'INTERIOR WALL'
COLOR
= "BEIGE"
MATL_ID
= 'GYPSUM PLASTER'
THICKNESS = 0.03 / for room walls
&MISC SURF_DEFAULT='WALL' / all bounding surfaces have a wall boundary condition unless otherwise
specified
&SURF ID='WALL',
COLOR='YELLOW',
MATL_ID='CONCRETE',
THICKNESS=0.2/ changed from invisible to yellow
&MISC CO_PRODUCTION=.TRUE./ from car fire - what's this?
******************************************************
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4.5 MW fire over a 1 m2 burn surface (only consider the fire in the engine)
Ramp function stops once sprinklers activate
&SURF ID='Burner',
RAMP_Q='tsquared',
HRRPUA=4500,
COLOR='RED'/
E_COEFFICIENT=0.1
&RAMP ID='tsquared', T= 0.0, F=0.00 /
&RAMP ID='tsquared', T= 80.0, F=0.0011 /
&RAMP ID='tsquared', T=150.0, F=0.0889 /
/&RAMP ID='tsquared', T=240.0, F=0.1778 /
/&RAMP ID='tsquared', T=320.0, F=0.0889 /
/&RAMP ID='tsquared', T= 400.0, F=0.1778 /
/&RAMP ID='tsquared', T= 480.0, F=0.2667 /
/&RAMP ID='tsquared', T= 560.0, F=0.4667 /
/&RAMP ID='tsquared', T= 640.0, F=0.6889 /
/&RAMP ID='tsquared', T= 720.0, F=0.7556 /
/&RAMP ID='tsquared', T= 800.0, F=0.8889 /
/&RAMP ID='tsquared', T= 880.0, F=1.00 /
/&RAMP ID='tsquared', T= 960.0, F=0.8889 /
/&RAMP ID='tsquared', T= 1040.0, F=0.9333 /
/&RAMP ID='tsquared', T= 1120.0, F=0.8444 /
/&RAMP ID='tsquared', T= 1200.0, F=0.7566 /
/&RAMP ID='tsquared', T= 1280.0, F=0.6667 /
/&RAMP ID='tsquared', T= 1360.0, F=0.6222 /
/&RAMP ID='tsquared', T= 1440.0, F=0.5556 /
/&RAMP ID='tsquared', T= 1520.0, F=0.4667 /
/&RAMP ID='tsquared', T= 1600.0, F=0.4444 /
/&RAMP ID='tsquared', T= 1680.0, F=0.4 /
/&RAMP ID='tsquared', T= 1760.0, F=0.3333 /
/&RAMP ID='tsquared', T= 1840.0, F=0.3111 /
/&RAMP ID='tsquared', T= 1920.0, F=0.2889 /
/&RAMP ID='tsquared', T= 2000.0, F=0.2222 /
/&RAMP ID='tsquared', T= 2080.0, F=0.2 /
/&RAMP ID='tsquared', T= 2160.0, F=0.1778 /
/&RAMP ID='tsquared', T= 2240.0, F=0.1556 /
/&RAMP ID='tsquared', T= 2320.0, F=0.1333 /
/&RAMP ID='tsquared', T= 2400.0, F=0.1111 /
/&RAMP ID='tsquared', T= 2480.0, F=0.0889 /
/&RAMP ID='tsquared', T= 2560.0, F=0.0667 /
/&RAMP ID='tsquared', T= 2640.0, F=0.0667 /
/&RAMP ID='tsquared', T= 2720.0, F=0.0667 /
/&RAMP ID='tsquared', T= 2800.0, F=0.0444 /
/&RAMP ID='tsquared', T= 2880.0, F=0.0444 /
4.5 MW fire at vehicle parked at west wall
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&OBST XB=1.0,2.0, 5.0,6.0 0.0,1.0, SURF_IDS='Burner','INERT','INERT' /
*****************************************************
create interior walls instead of obstructions
&OBST XB= 0.0,2.0, 1.9,2.0, 0.0,3.0 SURF_ID='INTERIOR WALL'/ mech rm
&OBST XB= 1.9,2.0, 0.0,2.0, 0.0,3.0 SURF_ID='INTERIOR WALL'/ mech rm
&OBST XB= 2.0,4.0, 1.9,2.0, 0.0,3.0 SURF_ID='INTERIOR WALL'/ elevator lobby wall
&OBST XB= 3.9,4.0, 0.0,2.0, 0.0,3.0 SURF_ID='INTERIOR WALL'/ elevator lobby wall
&OBST XB= 4.0,13.0, 1.9,2.0, 0.0,3.0 SURF_ID='INTERIOR WALL'/ elevator shafts
&OBST XB= 12.9,13.0, 0.0,4.0, 0.0,3.0 SURF_ID='INTERIOR WALL'/ elevator shafts
&OBST XB= 13.0,18.0, 3.9,4.0, 0.0,3.0 SURF_ID='INTERIOR WALL'/ mech room
&OBST XB= 17.9,18.0, 0.0,4.0, 0.0,3.0 SURF_ID='INTERIOR WALL'/ mech room
&OBST XB= 51.0,54.0, 13.0,13.1, 0.0,3.0 SURF_ID='INTERIOR WALL'/ sprinkler room
&OBST XB= 51.0,51.1, 13.0,18.0, 0.0,3.0 SURF_ID='INTERIOR WALL'/ sprinkler room
&OBST XB= 53.9,54.0, 13.0,18.0, 0.0,3.0 SURF_ID='INTERIOR WALL'/ sprinkler room
&HOLE XB= 2.5,3.4, 1.9,2.1, 0.00, 2.30 / Door to elevator lobby
&OBST XB= 59.8,60.0, 16.1,17.0, 0.0,2.8 SURF_ID='STEEL DOOR'/ door to exterior
&OBST XB= 18.5,19.4, 0.0,0.2, 0.0,2.8 SURF_ID='STEEL DOOR'/ door to bldg
&OBST XB= 55.0,59.5, 17.8,18.0, 0.0,2.9 SURF_ID='STEEL DOOR'/ garage door
************************************************************
&PART ID='water drops',
WATER=.TRUE.,
AGE=5.00/
&PROP ID='K-5.6',
QUANTITY='SPRINKLER LINK TEMPERATURE',
RTI=50.,
C_FACTOR=0.7,
ACTIVATION_TEMPERATURE=68.,
OFFSET=0.10,
PART_ID='water drops',
FLOW_RATE=189.3,
DROPLET_VELOCITY=10.,
SPRAY_ANGLE=30.,80. /
&DEVC ID='SPR_1', XYZ=2.0, 4.0, 2.9, PROP_ID='K-5.6' /
&DEVC ID='SPR_2', XYZ=2.0, 7.0, 2.9, PROP_ID='K-5.6' /
&DEVC ID='SPR_3', XYZ=2.0, 10.0, 2.9, PROP_ID='K-5.6' /
&DEVC ID='SPR_4', XYZ=2.0, 13.0, 2.9, PROP_ID='K-5.6' /
&DEVC ID='SPR_5', XYZ=2.0, 16.0, 2.9, PROP_ID='K-5.6' /
&DEVC ID='SPR_6', XYZ=5.5, 4.0, 2.9, PROP_ID='K-5.6' /
&DEVC ID='SPR_7', XYZ=5.5, 7.0, 2.9, PROP_ID='K-5.6' /
&DEVC ID='SPR_8', XYZ=5.5, 10.0, 2.9, PROP_ID='K-5.6' /
&DEVC ID='SPR_9', XYZ=5.5, 13.0, 2.9, PROP_ID='K-5.6' /
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&DEVC ID='SPR_10', XYZ=5.5, 16.0, 2.9, PROP_ID='K-5.6' /
&DEVC ID='SPR_11', XYZ=9.0, 4.0, 2.9, PROP_ID='K-5.6' /
&DEVC ID='SPR_12', XYZ=9.0, 7.0, 2.9, PROP_ID='K-5.6' /
&DEVC ID='SPR_13', XYZ=9.0, 10.0, 2.9, PROP_ID='K-5.6' /
&DEVC ID='SPR_14', XYZ=9.0, 13.0, 2.9, PROP_ID='K-5.6' /
&DEVC ID='SPR_15', XYZ=9.0, 16.0, 2.9, PROP_ID='K-5.6' /
&DEVC ID='SPR_16', XYZ=12.5, 4.0, 2.9, PROP_ID='K-5.6' /
&DEVC ID='SPR_17', XYZ=12.5, 7.0, 2.9, PROP_ID='K-5.6' /
&DEVC ID='SPR_18', XYZ=12.5, 10.0, 2.9, PROP_ID='K-5.6' /
&DEVC ID='SPR_19', XYZ=12.5, 13.0, 2.9, PROP_ID='K-5.6' /
&DEVC ID='SPR_20', XYZ=12.5, 16.0, 2.9, PROP_ID='K-5.6' /
&DEVC ID='SPR_21', XYZ=16.0, 6.5, 2.9, PROP_ID='K-5.6' /
&DEVC ID='SPR_22', XYZ=16.0, 9.5, 2.9, PROP_ID='K-5.6' /
&DEVC ID='SPR_23', XYZ=16.0, 12.5, 2.9, PROP_ID='K-5.6' /
&DEVC ID='SPR_24', XYZ=16.0, 15.5, 2.9, PROP_ID='K-5.6' /
Smoke Detector
&DEVC ID='SD_1', PROP_ID='Acme Smoke Detector', XYZ=3.0,1.0,2.9 / elevator lobby smoke detector
&PROP ID='Acme Smoke Detector',QUANTITY='CHAMBER OBSCURATION',
ALPHA_E=1.8, BETA_E=-1.0, ALPHA_C=1.0, BETA_C=-0.8,ACTIVATION_OBSCURATION=10.0 /
changed from 3.28 to provide 3% obscuration
************************************************************
&SLCF QUANTITY='TEMPERATURE', PBZ=2.0/
&SLCF QUANTITY='visibility', PBZ=2.0/
&SLCF QUANTITY='carbon monoxide', PBZ=2.0/
&SLCF QUANTITY='TEMPERATURE', PBX=3.0/ at elevator lobby smoke detector
&SLCF QUANTITY='visibility', PBX=3.0/
&SLCF QUANTITY='carbon monoxide', PBX=3.0/
&SLCF QUANTITY='TEMPERATURE', PBX=9.0/ at sprinkler 15
&SLCF QUANTITY='TEMPERATURE', PBX=13.0/ at gate separating judge and employee garage
&SLCF QUANTITY='visibility', PBX=13.0/
&SLCF QUANTITY='carbon monoxide', PBX=13.0/
&SLCF QUANTITY='TEMPERATURE', PBX=19.0/ at door to building
&SLCF QUANTITY='visibility', PBX=19.0/
&SLCF QUANTITY='carbon monoxide', PBX=19.0/
&SLCF QUANTITY='TEMPERATURE', PBX=59.0/ at east exit door
&SLCF QUANTITY='visibility', PBX=59.0/
&SLCF QUANTITY='carbon monoxide', PBX=59.0/
&SLCF QUANTITY='TEMPERATURE', PBY=6.0/ at east exit door
&SLCF QUANTITY='visibility', PBY=6.0/
&SLCF QUANTITY='carbon monoxide', PBY=6.0/
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&DEVC XB=3.0,3.0, 1.0,1.0, 0.0,2.5, QUANTITY='LAYER HEIGHT', ID='h @lobby'/needs to stay above 2 m
&DEVC XB=13.0,13.0, 6.0,6.0, 0.0,3.0, QUANTITY='LAYER HEIGHT', ID='h @gate'/
&DEVC XB=19.0,19.0, 0.1,0.1, 0.0,3.0, QUANTITY='LAYER HEIGHT', ID='h @door'/
&DEVC XB=59.9,59.9, 17.0,17.0, 0.0,3.0, QUANTITY='LAYER HEIGHT', ID='h @exit'/
&DEVC XYZ=13.0,6.0,2.0, QUANTITY='TEMPERATURE', ID='T @gate'/needs to stay below 60oC
&DEVC XYZ=13.0,6.0,2.0, QUANTITY='VISIBILITY', ID='V @gate'/needs to stay above 3 m
&TAIL /
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A-6 FDS Input File for Main Entry Lobby Fire
&HEAD CHID='Atrium fire-600 kW'/ follow curve in SFPE Figure 3-1.14
&TIME T_END= 900.0/
&MESH ID='1', IJK=40,40,20, XB=0.0,20, 0.0,20, 0.0,10.0/ .5 m mesh
60' x 60' x 31' = 20 m x 20 m x 10 m
&REAC ID='POLYURETHANE,
C=1.0,
H=1.75,
O=0.25,
N=0.065,
HEAT_OF_COMBUSTION=3.313E4,
CO_YIELD=0.0280,
SOOT_YIELD=0.10/,
&MATL ID='CONCRETE',
SPECIFIC_HEAT=0.75,
CONDUCTIVITY=1.0,
DENSITY=2300.0/ floor
&MATL ID
= 'GYPSUM PLASTER'
FYI
= 'Quintiere, Fire Behavior'
CONDUCTIVITY = 0.48
SPECIFIC_HEAT = 0.84
DENSITY
= 1440. / gypsum board atrium walls
&MATL ID='GLASS',
SPECIFIC_HEAT=0.84,
CONDUCTIVITY=0.76,
DENSITY=2700.0/exterior wall
&MISC SURF_DEFAULT='WALL' / all bounding surfaces have a wall boundary condition unless otherwise
specified
&SURF ID='WALL',
COLOR='YELLOW',
MATL_ID='GYPSUM PLASTER',
THICKNESS=0.2/ default wall for atrium
&SURF ID='CEILING',
COLOR='BLUE',
MATL_ID='GYPSUM PLASTER',
THICKNESS=0.2/ ceiling
&SURF ID='FLOOR',
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COLOR='CYAN 4',
MATL_ID='CONCRETE',
THICKNESS=0.2/
&SURF ID='GLASS WALL',
COLOR='SKY BLUE',
MATL_ID='GLASS',
THICKNESS=0.2
TRANSPARENCY=.98/ exterior diagonal wall
&MATL ID='STEEL', EMISSIVITY=0.95, DENSITY=7850., CONDUCTIVITY=45.8, SPECIFIC_HEAT=0.46 /
&SURF ID='STEEL DOOR', COLOR='BLUE', MATL_ID='STEEL', THICKNESS=0.2 /
******************************************************
Fast fire based upon figure 3.1-14
fire located in atrium between sprinklers (23 & 24),
vary HRR to see impact
&SURF ID='Burner',
RAMP_Q='tsquared',
HRRPUA=600,
COLOR='RED'/
&RAMP ID='tsquared', T= 0.0, F=0.00 /
&RAMP ID='tsquared', T= 30.0, F=0.0667 /
&RAMP ID='tsquared', T= 65.0, F=0.05883 /
&RAMP ID='tsquared', T= 90.0, F=0.3167/
&RAMP ID='tsquared', T= 110.0, F=1.0 /
&RAMP ID='tsquared', T= 160.0, F=0.8167 /
&RAMP ID='tsquared', T= 180.0, F=0.75 /
&RAMP ID='tsquared', T= 240.0, F=0.03167 /
&RAMP ID='tsquared', T= 350.0, F=0.05 /
&RAMP ID='tsquared', T= 500.0, F=0.0417 /
&RAMP ID='tsquared', T= 600.0, F=0.0083 /
Fire in screening equipment located by entrance
&OBST XB=11.5,12.5, 14.0,15.0 0.0,1.0, SURF_IDS='Burner','INERT','INERT' /
*****************************************************
these obstructions create a sawtooth diagonal outside wall &OBST XB=5.0,5.5, 0.0,0.5, 0.0,10.0, SURF_ID='GLASS WALL'/
&OBST XB=5.5,6.0, 0.5,1.0, 0.0,10.0, SURF_ID='GLASS WALL'/
&OBST XB=6.0,6.5, 1.0,1.5, 0.0,10.0, SURF_ID='GLASS WALL'/
&OBST XB=6.5,7.0, 1.5,2.0, 0.0,10.0, SURF_ID='GLASS WALL'/
&OBST XB=7.0,7.5, 2.0,2.5, 0.0,10.0, SURF_ID='GLASS WALL'/
&OBST XB=7.5,8.0, 2.5,3.0, 0.0,10.0, SURF_ID='GLASS WALL'/
&OBST XB=8.0,8.5, 3.0,3.5, 0.0,10.0, SURF_ID='GLASS WALL'/
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&OBST XB=8.5,9.0, 3.5,4.0, 0.0,10.0, SURF_ID='GLASS WALL'/
&OBST XB=9.0,9.5, 4.0,4.5, 0.0,10.0, SURF_ID='GLASS WALL'/
&OBST XB=9.5,10.0, 4.5,5.0, 0.0,10.0, SURF_ID='GLASS WALL'/
&OBST XB=10.0,10.5, 5.0,5.5, 0.0,10.0, SURF_ID='GLASS WALL'/
&OBST XB=10.5,11.0, 5.5,6.0, 0.0,10.0, SURF_ID='GLASS WALL'/
&OBST XB=11.0,11.5, 6.0,6.5, 0.0,10.0, SURF_ID='GLASS WALL'/
&OBST XB=11.5,12.0, 6.5,7.0, 0.0,10.0, SURF_ID='GLASS WALL'/
&OBST XB=12.0,12.5, 7.0,7.5, 0.0,10.0, SURF_ID='GLASS WALL'/
&OBST XB=12.5,13.0, 7.5,8.0, 0.0,10.0, SURF_ID='GLASS WALL'/
&OBST XB=13.0,13.5, 8.0,8.5, 0.0,10.0, SURF_ID='GLASS WALL'/
&OBST XB=13.5,14.0, 8.5,9.0, 0.0,10.0, SURF_ID='GLASS WALL'/
&OBST XB=14.0,14.5, 9.0,9.5, 0.0,10.0, SURF_ID='GLASS WALL'/
&OBST XB=14.5,15.0, 9.5,10.0, 0.0,10.0, SURF_ID='GLASS WALL'/
&OBST XB=15.0,15.5, 10.0,10.5, 0.0,10.0, SURF_ID='GLASS WALL'/
&OBST XB=15.5,16.0, 10.5,11.0, 0.0,10.0, SURF_ID='GLASS WALL'/
&OBST XB=16.0,16.5, 11.0,11.5, 0.0,10.0, SURF_ID='GLASS WALL'/
&OBST XB=16.5,17.0, 11.5,12.0, 0.0,10.0, SURF_ID='GLASS WALL'/
&OBST XB=17.0,17.5, 12.0,12.5, 0.0,105.0, SURF_ID='GLASS WALL'/
&OBST XB=17.5,18.0, 12.5,13.0, 0.0,105.0, SURF_ID='GLASS WALL'/
&OBST XB=18.0,18.5, 13.0,13.5, 0.0,10.0, SURF_ID='GLASS WALL'/
&OBST XB=18.5,19.0, 13.5,14.0, 0.0,10.0, SURF_ID='GLASS WALL'/
&OBST XB=19.0,19.5, 14.0,14.5, 0.0,10.0, SURF_ID='GLASS WALL'/
&OBST XB=19.5,20.0, 14.5,15.0, 0.0,10.0, SURF_ID='GLASS WALL'/
&OBST XB=20.0,20.0, 15.0,15.5, 0.0,10.0, SURF_ID='GLASS WALL'/
Level 1 ceiling- 2.5 m x 20 m L-shape (8' x 60')
&OBST XB=0.0,2.3, 0.0,20.0, 4.5,4.7, SURF_ID='CEILING'/
&OBST XB=2.3,20.0, 17.7,20.0, 4.5,4.7, SURF_ID='CEILING'/
Level 2 walkway - 2.5 m x 20 m L-shape (8' x 60')
&OBST XB=0.0,2.3, 0.0,20.0, 5.0,5.5, SURF_ID='FLOOR'/
&OBST XB=2.3,20.0, 17.7,20.0, 5.0,5.5, SURF_ID='FLOOR'/
Level 2 ceiling- 2.5 m x 20 m L-shape (8' x 60')
&OBST XB=0.0,2.3, 0.0,20.0, 9.0,9.2, SURF_ID='CEILING'/
&OBST XB=2.3,20.0, 17.7,20.0, 9.0,9.2, SURF_ID='CEILING'/
west wall
&OBST XB=2.3,2.9, 0.0,13.5, 0.0,10.0, SURF_ID='WALL'/
north wall
&OBST XB=4.5,20.0, 17.1,17.7, 0.0,10.0, SURF_ID='WALL'/
diagonal wall
&OBST XB=2.3,2.9, 13.5,17.7, 4.0,5.5, SURF_ID='WALL'/
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&OBST XB=2.3,2.9, 13.5,17.7, 8.7,10.0, SURF_ID='WALL'/
&OBST XB=2.9,4.5, 17.1,17.7, 4.0,5.5, SURF_ID='WALL'/
&OBST XB=2.9,4.5, 17.1,17.7, 8.7,10.0, SURF_ID='WALL'/
west wall holes
&HOLE XB=2.3,2.9, 5.0,6.4, 0.0,4.0 /
&HOLE XB=2.3,2.9, 5.0,6.4, 5.5,8.7 /
&HOLE XB=2.3,2.9, 7.8,9.3, 0.0,4.0 /
&HOLE XB=2.3,2.9, 7.8,9.3, 5.5,8.7 /
&HOLE XB=2.3,2.9, 10.7,12.2, 0.0,4.0 /
&HOLE XB=2.3,2.9, 10.7,12.2, 5.5,8.7 /
north wall holes
&HOLE XB=5.9,7.2, 17.1,17.7, 0.0,4.0 /
&HOLE XB=5.9,7.2, 17.1,17.7, 5.5,8.7 /
&HOLE XB=8.6,10.0, 17.1,17.7, 0.0,4.0 /
&HOLE XB=8.6,10.0, 17.1,17.7, 5.5,8.7 /
&HOLE XB=11.4,12.8, 17.1,17.7, 0.0,4.0 /
&HOLE XB=11.4,12.8, 17.1,17.7, 5.5,8.7 /
&HOLE XB=14.2,15.6, 17.1,17.7, 0.0,4.0 /
&HOLE XB=14.2,15.6, 17.1,17.7, 5.5,8.7 /
&HOLE XB=17.0,18.7, 17.1,17.7, 0.0,4.0 /
&HOLE XB=17.0,18.7, 17.1,17.7, 5.5,8.7 /
&HOLE XB= 0.0,0.2, 16.0,20.0, 0.00, 4.50 / opening to 1st floor corridor
&HOLE XB= 0.0,4.0, 19.8,20.0, 0.00, 4.50 / opening to 1st floor corridor
&HOLE XB= 0.0,0.2, 18.5,20.0, 5.50, 9.00 / opening to 2nd floor corridor
&OBST XB= 19.8,20.0, 18.1,19.0, 5.5,7.8 SURF_ID='STEEL DOOR'/ NE L2 stair door
************************************************************
24 sprinklers
&PART ID='water drops',
WATER=.TRUE.,
AGE=5.00/
&PROP ID='K-5.6',
QUANTITY='SPRINKLER LINK TEMPERATURE',
RTI=50.,
C_FACTOR=0.7,
ACTIVATION_TEMPERATURE=57.,
OFFSET=0.10,
PART_ID='water drops',
FLOW_RATE=189.3,
DROPLET_VELOCITY=10.,
SPRAY_ANGLE=30.,80. / use Viking VK302 concealed QRS pendent ordinary 135F (57C)
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Level 1 (underneath Level 2 walkway)
&DEVC ID='Spr_1', XYZ=1.2, 2.0, 4.5, PROP_ID='K-5.6' /
&DEVC ID='SPR_2', XYZ=1.2, 6.0, 4.5, PROP_ID='K-5.6' /
&DEVC ID='SPR_3', XYZ=1.2, 10.0, 4.5, PROP_ID='K-5.6' /
&DEVC ID='SPR_4', XYZ=1.2, 14.0, 4.5, PROP_ID='K-5.6' /
&DEVC ID='SPR_5', XYZ=1.2, 18.8, 4.5, PROP_ID='K-5.6' /
&DEVC ID='SPR_6', XYZ=6.0, 18.8, 4.5, PROP_ID='K-5.6' /
&DEVC ID='SPR_7', XYZ=10.0, 18.8, 4.5, PROP_ID='K-5.6' /
&DEVC ID='SPR_8', XYZ=14.0, 18.8, 4.5, PROP_ID='K-5.6' /
&DEVC ID='SPR_9', XYZ=18.0, 18.8, 4.5, PROP_ID='K-5.6' /
Level 2 (underneath Level 3 walkway)
&DEVC ID='Spr_10', XYZ=1.2, 2.0, 9.0, PROP_ID='K-5.6' /
&DEVC ID='SPR_11', XYZ=1.2, 6.0, 9.0, PROP_ID='K-5.6' /
&DEVC ID='SPR_12', XYZ=1.2, 10.0, 9.0, PROP_ID='K-5.6' /
&DEVC ID='SPR_13', XYZ=1.2, 14.0, 9.0, PROP_ID='K-5.6' /
&DEVC ID='SPR_14', XYZ=1.2, 18.8, 9.0, PROP_ID='K-5.6' /
&DEVC ID='SPR_15', XYZ=6.0, 18.8, 9.0, PROP_ID='K-5.6' /
&DEVC ID='SPR_16', XYZ=10.0, 18.8, 9.0, PROP_ID='K-5.6' /
&DEVC ID='SPR_17', XYZ=14.0, 18.8, 9.0, PROP_ID='K-5.6' /
&DEVC ID='SPR_18', XYZ=18.0, 18.8, 9.0, PROP_ID='K-5.6' /
Level 2 (underneath atrium roof)
&DEVC ID='SPR_19', XYZ=6.0, 6.0, 9.9, PROP_ID='K-5.6' /
&DEVC ID='SPR_20', XYZ=6.0, 10.0, 9.9, PROP_ID='K-5.6' /
&DEVC ID='SPR_21', XYZ=6.0, 14.0, 9.9, PROP_ID='K-5.6' /
&DEVC ID='SPR_22', XYZ=10.0, 10.0, 9.9, PROP_ID='K-5.6' /
&DEVC ID='SPR_23', XYZ=10.0, 14.0, 9.9, PROP_ID='K-5.6' / closest to fire
&DEVC ID='SPR_24', XYZ=14.0, 14.0, 9.9, PROP_ID='K-5.6' / closest to fire
************************************************************
&SLCF QUANTITY='TEMPERATURE', PBZ=7.5/ a 6' above Level 2
&SLCF QUANTITY='visibility', PBZ=7.5/
&SLCF QUANTITY='carbon monoxide', PBZ=7.5/
&SLCF QUANTITY='TEMPERATURE', PBZ=1.8/ 1st floor head level
&SLCF QUANTITY='visibility', PBZ=1.8/ 1st floor head level
&SLCF QUANTITY='carbon monoxide', PBZ=1.8/ 1st floor head level
&SLCF QUANTITY='TEMPERATURE', PBX=1.5/ along 1st and 2nd level corridor
&SLCF QUANTITY='visibility', PBX=1.5/
&SLCF QUANTITY='carbon monoxide', PBX=1.5/
&SLCF QUANTITY='TEMPERATURE', PBY=18.5/ along 1st and 2nd level corridor
&SLCF QUANTITY='visibility', PBY=18.5/
&SLCF QUANTITY='carbon monoxide', PBY=18.5/
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&DEVC XB=1.5,1.5, 18.5,18.5, 0.0,7.3, QUANTITY='LAYER HEIGHT', ID='h@L2 Jct'/ by junction of L2 two
corridors
&DEVC XB=1.5,1.5, 1.5,1.5, 0.0,7.3, QUANTITY='LAYER HEIGHT', ID='h@L2 SW'/ near stair 1
&DEVC XB=18.5,18.5, 18.5,18.5, 0.0,7.3, QUANTITY='LAYER HEIGHT', ID='h@L2 NE'/ near stair 2
changed obscuration from 3.28 (1%) to 10 (3%)
&PROP ID='Acme Smoke Detector',QUANTITY='CHAMBER OBSCURATION',
ALPHA_E=1.8, BETA_E=-1.0, ALPHA_C=1.0, BETA_C=-0.8,ACTIVATION_OBSCURATION=10.0 /
&DEVC ID='SD_1', PROP_ID='Acme Smoke Detector', XYZ=5.0,5.0,9.9 / NE fire NOT INSTALLED
&DEVC ID='SD_2', PROP_ID='Acme Smoke Detector', XYZ=5.0,15.0,9.9 / SW fire NOT INSTALLED
&DEVC ID='SD_3', PROP_ID='Acme Smoke Detector', XYZ=15.0,15.0,9.9 / closest to fire NOT INSTALLED
&DEVC ID='SD_4', PROP_ID='Acme Smoke Detector', XYZ=1.2,11.0,8.9 / L2 elevator lobby
&DEVC ID='SD_5', PROP_ID='Acme Smoke Detector', XYZ=1.2,11.0,4.4 / L1 elevator lobby
&TAIL /
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